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WILDLIFE VALUES 


IN WESTERN 


WILDERNESS AREA 


MANAGEMENT 


James P. Gilligan 


School of Natural Resources, Univ. of Michigan, Ann Arbor 


National forest wilderness areas have 
been the subject of perennial interest 
and concern to administrators and out- 
door lovers since Aldo Leopold (1921) 
first suggested their reservation in 1921. 
In those early days, Leopold recom- 
mended one national forest wilderness 
tract of more than 500,000 acres for each 
western state—the purpose being to pre- 
serve a series of widely distributed areas, 
each capable to absorbing a two-week 
hunting or fishing trip on horseback. 
Roads and artificial developments were 
to be kept out of these areas. Emphasis 
was given to quality values of hunting 
and fishing, including skills involved in 
traveling, camping, packing, and other 
activities incidental to the major pur- 
pose of catching or killing wildlife. It 
was recognized that wilderness areas 
would appeal to only a minority and 
suggested that a small fraction of total 
national forest acreage, where logging 
would be difficult, be reserved. Moved 
by his belief in the recreation value of 
extensive roadless areas, Leopold in his 
capacity as a national forest official, 
designated a recreational area in New 
Mexico of nearly 700,000 acres. This 
reservation, the forerunner of the pres- 
ent wilderness system, was approved by 


Regional Forester Frank C. Pooler as 
the Gila Wilderness in 1924. 

In order to relate wildlife to other 
values and to wilderness management, 
we should briefly review the develop- 
ment of policies and present status of 
these reserved areas. This resume is de- 
sirable because present evaluations of 
the national forest wilderness area sys- 
tem often assign purposes other than 
those originally intended. Also it should 
be understood that wilderness preserva- 
tion as a national policy for the Forest 
Service was not entirely a positive recog- 
nition of a new forest value. Instead 
there was a strong defensive significance 
attached to the policy. Tremendous pub- 
lic sentiment for the preservation of land 
areas in natural condition had been 
stimulated by Stephen Mather and the 
National Park Service in the 1920’s. 
Chief Forester William B. Greeley was 
alert to this potential threat to the na- 
tional forests and to prevent transfer of 
thousands of acres of national forest 
land to national park status, as well as 
to give recognition to preservationists’ 
demands, he established a wilderness 
designation policy for the Forest Service 
in 1926. This action was strongly sup- 
ported by both wildlife preservationists 
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and big-game sportsmen, since at that 
time remote undisturbed regions were 
considered the panacea for low game 
populations. 

Ecologists, botanists, zoologists and 
wildlife preservationists who believe in 
complete sanctuary, and scenery and 
park preservation groups who support 
inviolate natural concepts, have all pro- 
jected their credos as fundamental pur- 
poses of national forest wilderness areas. 
These purposes may be supplementary, 
but are always subordinate to both the 
original wilderness idea and the primi- 
tive area policy embodied in the Forest 
Service L-20 Regulation. This regula- 
tion, established in 1929, provided the 
framework for designating primitive 
areas and authorizing management plans 
which would preserve them, as far as 
controlling economic conditions would 
permit. The L-20 Regulation, which 
permitted plans for roads, airfields, and 
future timber management, still has a 
predominant influence in reclassification 
or changes of primitive areas under the 
present U-1 and U-2 Regulations. The 
guiding principle in the establishment 
of a national forest primitive area sys- 
tem was “to maintain primitive condi- 


tions of transportation, subsistence, 
habitation, and environment so that 
the public could observe conditions 


which existed in pioneer phases of the 


nation’s’ development and engage in 
forms of outdoor recreation character- 
istic of that (U. S. 
Service, 1929). There were no specifi- 


that 


period.” Forest 


cations regarding size of area or 


they should contain sufficient territory 
for a two-week pack trip. Interpretation 
and application of policy was left essen- 
tially to regional offices, but instructions 
from the Washington office did advise 
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that ‘‘primitive areas ordinarily would 
not operate to withdraw timber, forage, 
or water resources from industrial use— 
since the utilization of such resources, 
if properly regulated, would not be in- 
compatible with the purposes for which 
the areas were designated. Neither 
would the establishment of primitive 
areas result in any reduction in the 
standards of fire prevention warranted 
by existing circumstances.” (U. S. For- 
est Service, loc. cit.). Summer home and 
resort development on federally owned 
lands was prohibited and road construc- 
tion was to be discouraged. The policy 
was heatedly debated by federal forest- 
ers and officials who would not agree 
that large recreation reservations were 
compatible with Forest Service eco- 
nomic use principles expounded by 
Gifford Pinchot. 

L. F. Kneipp, in charge of the Divi- 
sion of Lands in the Washington office, 
worked almost single-handedly to create 
a primitive area system which gave evi- 
dence of permanence. But the imprecise 
nature of the policy gave decentralized 
administrators opportunity to phrase 
management plans which allowed future 
economic use and, in many cases, road 
developments. Most choice or unique 
portions of national forest high moun- 
tain and canyon country for which no 
immediate development was feasible, 
and the Superior National Forest lake 
areas of Minnesota, were formally classi- 
fied as primitive areas. Publicity for 
these, while specific about the variability 
of the program, nevertheless implied 
permanence. 

Renewed interest in national forest 
lands by Secretary Ickes and the Na- 
tional Park Service, plus the dynamic 
efforts of Robert Marshall supported by 
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Chief Forester Sileox, aroused further 
concern for the primitive areas in the 
1930’s. The system was increased by 
about 5,000,000 acres, and the existing 
U-1, U-2, and U-3 Regulations were 
substituted for Regulation L-20, in 1939. 
Under the new regulations, timber cut- 
ting and road development were ex- 
cluded from management plans to be 
redrawn for each area, and larger areas 
were to be under the final jurisdiction 
of the Secretary of Agriculture instead 
of the Chief Forester. Also, the public 
was to have opportunity to debate 
boundary changes. Field foresters, still 
adhering to a belief in the necessary 
flexibility of multiple-use management, 
could not agree to placing large land 
areas under such positive limitations. 
They refused for the most part to re- 
classify the areas pending a time when 
the economic feasibility of logging and 
requirements for fire protection could be 
more accurately determined. It was 
necessary to consider only these aspects, 
since grazing was still permitted under 
the new regulations, and water develop- 
ments, mining, and wildlife were usually 
under the jurisdiction of other federal 
or state agencies. 

There are now 46 primitive and wild 
areas in western national forests, each 
less than 100,000 acres, which average 
about 47,000 acres. The smallest of these 
is “5,000 acres and the largest nearly 
100,000 acres, constituting a total of 
about 2,000,000 acres. Also, there are 26 
areas averaging less than 300,000 acres 
each and two areas in Idaho of more 
than 1,000,000 acres. These larger wil- 
derness and primitive areas over 100,000 
acres form 84 per cent or about 11,000,- 
000 acres of the western wilderness area 
system within national forests. Particu- 
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lar attention should be given to these 
larger areas, as they constitute the major 
portion of the system and comprise the 
principle problem areas both for wildlife 
and for retention in wilderness condition. 
Also the distinction between large and 
small areas should be stressed because 
it is confusing to include under the con- 
cept or term “wilderness” areas ranging 
in size from 5,000 to several raillion 
acres. Leopold’s (op. c7t.) prophetic com- 
ment made over three decades ago is 
still valid, ““Everyone knows that the 
national forests will supply a decreasing 
but inexhaustible number of small 
patches of rough country which will re- 
main practically in a wilderness condi- 
tion... . They will always be big enough 
for camping, but they will tend to grow 
too small for a real wilderness trip.”’ 

As to the present status of large primi- 
tive and wilderness areas in the west, 
7 out of 28 primitive areas have been 
reclassified as wilderness under the U-1 
Regulation. Of the approximately 11,- 
000,000 acres included in the 28 areas, 
nearly half would fail to qualify today 
as relatively undisturbed lands suitable 
for extended wilderness recreation travel. 
They cannot qualify because of existing 
roads, landing fields open to the public, 
developments on private lands, mining 
claims, and, in a few cases, because ter- 
rain, water supply, or vegetation almost 
prohibit wilderness recreation. It is pos- 
sible, of course, to take extended trips 
into a few of these arbitrarily disquali- 
fied areas, without sighting evidences of 
man’s development, by carefully select- 
ing a route through the mountains, just 
as is possible on many national forests. 
The largest units of classified western 
national forest wilderness lands still free 
from roads and airplane landing strips 
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open to the public are found in Wyo- 
ming, Montana, and Washington. These 
are the contiguous lands of the Teton- 
Stratified-South Absaroka areas com- 
prising 1,274,000 acres (Wyoming), the 
Glacier-Bridger-Popo Agie areas (Wyo- 
ming), forming a unit of 630,000 acres; 
the Bob Marshall Wilderness (Montana) 
of nearly a million acres, and the eastern 
two-thirds of the North Cascade Primi- 
tive Area (Washington), about 600,000 
acres. Most of the remaining areas are 
less than 300,000 acres in size. 
Non-primitive conditions in some of 
the larger primitive and wilderness areas 
become more obvious when we realize 
that nine of these areas contain a total 
of nearly 200 miles of roads open to pub- 
lic travel, about half of which are within 
the Selway-Bitterroot Primitive Area in 
Idaho and Montana. There are about 
145,000 acres of privately owned timber, 
agriculture, summer home, resort, and 
mineral lands inside 15 of the areas, in 
addition to 400-500 mining claims of 
unknown acreage within 20 areas. Many 
of these sites contain resort or summer 
home developments along the best 
wilderness travel routes. About 60 of 
the mining claims and patents are being 
worked for minerals, but only a few are 
important commercial producers. Also 
some areas are being explored for pos- 
sible oil leasing. There are 24 air landing 
strips in 6 areas, 17 of which are under 
Forest Service jurisdiction. About half 
of the Forest Service fields and most of 
the private fields are open to public use. 
A number of helicopter landing sites are 
planned within three areas. Besides the 
cabins, fencing, and corrals necessary for 
fire protection and stock management, 
there are roughly a total of 140,000 sheep 
and 25,000 cattle grazing seasonally 


within all but two of the areas. More 
important, perhaps, is the fact that 
2,000,000 acres within primitive and 
wilderness areas have been classified as 
commercial timberland containing ap- 
proximately 17 million board feet of 
timber. Much of this is now considered 
accessible for logging. Nearly 90 dams 
and water control structures, mostly 
small, have been constructed for irriga- 
tion, meadow reclamation, and stream 
flow maintenance within these areas. In 
the last five years the Bureau of Recla- 
mation has proposed large dams affect- 
ing 16 wilderness reserves. 

It has long been recognized that na- 
tional forest primitive or wilderness 
areas could not represent truly pristine 
or virgin conditions, but modifications 
and administrative problems within 
these reserved regions during the last 
twenty years arouse speculation that we 
are losing the authenticity of the original 
wilderness area idea. It is a fair question 
to ask whether national forest wilderness 
reservations are feasible. 

Wildlife occupies an enhanced position 
in the management decisions concerning 
wilderness reservations. It is ironical 
that some of the largest and most au- 
thentic western wilderness units may be 
modified or lost because of big game 
abundance—a principal factor responsi- 
ble for the original national forest wil- 
derness idea. This problem exists be- 
cause of increasing difficulty encountered 
in persuading hunters to travel far into 
back country game areas other than by 
auto or airplane. It is an oft-demon- 
strated fact that the great majority of 
hunters proceed only a few miles, or 
less, from their autos or airplanes. In 
many cases it is unreasonable to expect 
them to go farther, especially for large 
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animals like elk. Big game hunting in 
remote areas is traditionally done by 
packing and horseback riding. Because 
of diminishing desire and ability for long 
pack trips, which is only partially due 
to costs of hiring packers and guides, 
the problem of encouraging hunters to 
harvest adequately big game popula- 
tions by primitive travel methods is 
nearly insoluble. 

About 7 per cent of all big game using 
western national forests is found in the 
28 large primitive and wilderness areas. 
The significance of this wildlife is sug- 
gested by 1950 figures showing that 20 
per cent of the 100,000 visits to wilder- 
ness and primitive areas was made for 
the primary purpose of hunting. This 
represents about 2 per cent of all western 
hunters for that year and does not indi- 
cate the benefit to hunters of wildlife 
migrating out of wilderness regions. 
Hunters were able to harvest about 9 
per cent of a population (roughly esti- 
mated) of 131,000 big game animals 
within the 11,000,000 acres contained in 
major wildernesses. Hunter success in 
these areas is about twice as good as 
that reported for all national forests. 
This is probably due to the attraction 
of wilderness elk populations and the 
greater hunting ability of wilderness 
guides and hunters. About 37 per cent 
of the deer-elk population is elk—which 
provide about 60 per cent of hunter 
wilderness kill. Skilled hunters in high 
wilderness regions probably have greater 
kill opportunity than those who hunt at 
lower elevations where game may dis- 
perse during hunting season. 

Elk or deer create problems in road- 
less areas when they remain within these 
regions throughout the winter, with pop- 
ulations which exceed range carrying 


vapacity. In sprawling mountain regions 
such as the Idaho Primitive Area 
(1,232,744 acres) even regular use of 
airplane landing fields has failed to solve 
the game overpopulation problem. In 
1948, deer numbering 18,600 were in- 
creasing annually by 25 per cent within 
this area. Hunters were able to remove 
less than 3 per cent of the total herd, 
leaving the bulk to reproduce and con- 
tinue a trend toward range depletion 
and eventual starvation (U. 8. Forest 
Service, 1951). The area also contained 
6,000 elk increasing about 18 per cent 
annually. Hunters were able to remove 
only half this yearly increase, and the 
potential for future disaster under such 
conditions is good. Western elk and 
deer herds have been described where 
recommended annual removals of ani- 
mals range from 20 to 30 per cent of 
herd totals (Schwan and Costello, 1951). 

There has been no_ better-proven 
method of reducing game overpopula- 
tions far from the motoring hunter than 
to extend roads to game locations. Most 
western state game departments advo- 
sate more roads into game areas. The 
problem is not so critical when animals 
always migrate to lower elevations near 
road systems, but when herds winter 
within wilderness regions, as they do on 
the Selway-Bitterroot, Bob Marshall, 
and Idaho Areas, the situation becomes 
more complex. Even where herds move 
out of wilderness regions, there is de- 
mand to make good game areas more 
accessible to the average or motorist- 
hunter. When big game becomes over- 
abundant there is always temptation to 
establish good roads up to the boundaries 
or inside wilderness areas. This is par- 
ticularly true when packers cannot trans- 
port sufficient hunters to control popu- 
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lations. Roads like those along the 
Lochsa River bordering the Selway- 
Bitterroot Primitive Area (Idaho); up 
Pacific Creek into the Teton Primitive 
Area (Wyoming); into the Idaho Primi- 
tive Area (Idaho); through Copperas 
Canyon to Gila Hot Springs within the 
Gila Primitive Area (New Mexico); 
into the heart of the Absaroka Wilder- 
ness regions of Wyoming, and possibly 
into the Flat Tops Primitive Area of 
Colorado, may be very important for 
future big game population control. 

The harvesting of big game popula- 
tions is not always the primary reason 
for road extension proposals. But game 
abundance provides additional argu- 
ment and support for forest protection 
and timber harvest road systems. Roads 
into new areas are also enthusiastically 
approved by a large group of motorists 
who are anxious to explore new territory 
for its camping, pienicking, hunting, 
and fishing possibilities. 

The recent reclassification of the Gila 
Primitive Area in New Mexico provided 
a good example of these multiple pur- 
pose roads. A crude road through rough 
country has existed for many years up 
Copperas Canyon into the Gila area 
terminating at a group of agriculture- 
patented lands near Gila Hot Springs. 
These lands were never acquired in 
order to establish more firmly the wil- 
derness aspects of the Gila area during 
the large scale national forest exchange 
and acquisition program in the 1930’s. 
They are now mostly developed with 
summer homes and resorts. The Forest 


Service has resisted improvements of 
this road since 1930, when a few minor 
changes were made to allow motorist- 
hunter access to a deer overpopulation 
situation. Vigorous persuasions were 


offered the Forest Service on several 
oceasions thereafter for road improve- 
ment. These were rejected on the basis 
that the road entered a primitive area. 
Recently, however, the Forest Service 
was impressed with the need for a bet- 
ter road when a sizeable fire occurred 
within the area. About this time, the 
New Mexico Fish and Game Depart- 
ment purchased a ranch near the Hot 
Springs possessing a large grazing allot- 
ment within the wilderness. This over- 
grazed allotment was turned back to the 
Forest Service, the ultimate purpose 
being to establish this portion of the 
primitive region as a big game range. 
Since it is unlikely that sufficient hunt- 
ers would enter the area over the existing 
road to harvest properly the expected 
game numbers, additional impetus was 
provided for improvement of the fire 
protection road. It was planned, also, 
to establish both federal and state ranger 
stations near the Hot Springs and de- 
velop recreation sites. Summer home, 
resort, and agricultural lands have in- 
creased in value until it is unlikely that 
they can now be obtained by purchase 
or exchange of lands. There is some 
possibility, also, that even if acquired, 
the irrigated lands could be repatented 
under existing law. These lands, a large 
acreage to the east, and the Copperas 
Canyon road were not included within 
the recent Gila Wilderness boundary 
reclassification. 

In the Anaconda-Pintlar Primitive 
Area (Montana) a 33-mile road up the 
Middle Fork of Rock Creek, although 
not maintained by the Forest Service, 
is considered an important access route 
for elk hunters. Another example of the 
conflict between wilderness retention 
and game population is found in the 





rf 


rf 








WILDLIFE IN WILDERNESS MANAGEMENT—Gilligan 


deletion, for road construction, of about 
13,000 acres of Lower Elk Fork in the 
reclassification of the South Absaroka 
Primitive Area. This portion of the area 
was considered to contain a concentra- 
tion of elk damaging forage range. 

Critical big game overpopulations 
eventually disastrous to land, vegeta- 
tion, game, and hunter, are potential in 
a number of remote areas where com- 
petitive factors of stock grazing, hunt- 
ing, or natural predation are reduced to 
a minimum, thus allowing improved en- 
vironmental conditions for game _ in- 
crease, Although no figures are available 
solely for wilderness regions, wildlife 
and stock grazing data for all national 
forest lands also reflect changes within 
areas of the wilderness system. Since 
1921, domestic stock numbers have de- 
creased about 50 per cent on national 
forests, while big game has increased 
nearly 300 per cent. At the same time 
a vigorous predator control program has 
continued everywhere in the west. In 
1951, according to state and federal 
records, well over 57,000 predators were 
destroyed in the 11 western states. This 
included nearly 1,000 mountain lions, 
700 bears, 6 wolves, 14,000 lynx and 
bobeat, and 41,000 coyotes. 

In view of the increasing importance 
of watershed values in all western states, 
it is imperative to prevent range de- 


struction by game populations. Big 
game is now abundant in wilderness 
and primitive areas such as the San 


Juan (Colorado), Blue Range (Arizona), 
High Sierra (California), Pecos (New 
Mexico), Bob Marshall (Montana), 
Selway-Bitterroot (Idaho), North and 
South Absaroka (Wyoming), and Ana- 
conda-Pintlar (Montana). 

Fish management also offers problems 
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in wilderness preservation. Wilderness 
fishing attracts nearly twice as many 
visits as big game hunting. High-eleva- 
tion lakes, naturally barren of fish due 
to mechanical barriers, are often excel- 
lent fishing sites now, because fish plant- 
ing has existed for many years in most 
of these roadless regions, and is still 
conducted in more popular areas. Tech- 
nicians studying and planting fish within 
primitive areas have demanded in many 
instances that they be allowed jeep or 
airplane access to interior lakes and 
streams. In some states this adminis- 
trative use has been permitted, and use 
of aircraft for patrol, game censusing, 
fish planting, and other purposes will in- 
creasingly disturb the solitude of remote 
regions in future years. Beside the in- 
creasing administrative desire to use 
autos and planes in game management 
work, there is future possibility of more 
building construction in roadless regions 
to facilitate game control. This is veri- 
fied by the large cabin recently con- 
structed at a major trail crossing in the 
heart of the Pecos Primitive Area, New 
Mexico, to permit more efficient annual 
censusing of big game. 

Although used by a small percentage 
of western hunters, wilderness areas are, 
in a few instances, of substantial eco- 
nomic importance, in addition to con- 
taining esthetic and sporting values. 
Hunting in such areas as the Bob 
Marshall, Teton, Selway-Bitterroot, and 
High Sierra has provided material re- 
turns to sportsmen in the form of meat 
value; to state game departments from 
license fees; to packers for packing and 
guiding services, and to local communi- 
ties for accommodations and supplies. 
Indeed, the monetary worth of big game 
populations exerts strong influence in 
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the management of many wilderness 
areas. It is estimated that the large elk 
herd summering in the half-million-acre 
Teton Primitive Area south of Yellow- 
stone National Park induces nearly a 
million dollars in gross annual expendi- 
tures for hunting solely within the 
primitive area boundary. Even so, forest 
officials consider the game harvest in- 
sufficient to reduce the herd to winter 
range carrying capacity on the national 
forest. Increasing the bag limit in over- 
populated wilderness game regions can 
help some to reduce pressure for more 
roads and air transportation, but the 
long range solution will require the 
efforts of more hunters. 

Perhaps the states as title holders of 
big game animals hold the key to preser- 
ration of federal wilderness areas. En- 
couragement of primitive methods of 
game harvest through special induce- 
ments such as reduced out-of-state 
licenses, special-rate transportation or 
extra game bonuses is within the states’ 
power. 

Certainly wilderness regions offer su- 
perior sport fishing and hunting and 
opportunity for an extended outdoor 
experience not easily available nowa- 
days. State officials, individuals, and 
sportsmen groups that urge wilderness 
preservation and also support the prin- 
ciple of maximum game _ populations 
have a greater responsibility than in- 
creasing hunter benefits. They 
obligated to make a larger collective 
effort to assist in harvesting game over- 
populations in remote areas by primitive 
means. Such efforts would provide the 
test of whether they really want large 


are 
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wilderness areas. Present indications 
are that they do not. Sportsmen in 
numbers and influence are replacing 
stockmen, the only other regular users 
of back country, and must in turn show 
a greater concern for the land than their 
predecessors. 

As a part of total western wilderness 
preservation problems, we may well con- 
clude that wildlife has been increasing 
in importance, but remains subordinate 
to wilderness depletions resulting from 
forest fire protection improvements, 
timber management plans, and private 
inholdings. A great deal of the future 
condition of our national forest wilder- 
ness reservations depends on whether 
there is a sincere belief in the values of 
large, relatively undisturbed areas or 
whether these designations are consid- 
ered primarily as a gesture to public 
sentiment. 
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SOME RACCOON AND GROUNDHOG RELATIONSHIPS 


Robert T. Butterfield 


West Virginia Conservation Commission, Buckhannon, W. Va. 


In Michigan, Stuewer (1948) has re- 
ported that “‘a knowledge of the denning 
habits of raccoon makes it evident that 
the preservation of existing dens, and 
the provision of some kind of a continued 
supply of dens is strictly essential to 
maintaining favorable raccoon popula- 
tions.”’ In Missouri, Bennitt and Nagel 
(1937) reported “raccoon occasionally 
use ground burrows but tree dens are 
by far the most important site.” 
Stuewer continues by saying that “in 
Michigan also, they live in ground bur- 
rows or tiles, when they are forced to it, 
but tree cavities are preferred and are 
used wherever available.” 

In Ohio, during the course of Federal 
Aid Project 14-R, ‘Testing Methods of 
Increasing Raccoon Population,” con- 
siderable evidence was brought to light 
that tree dens are not needed for main- 
tenance of a high raccoon (Procyon 
lotor) population, and that ground dens 
may be far more important in raccoon 
management. In fact, the highest rac- 
coon population recorded in the five-year 
study, dating from 1941 to 1946, was 
found on an area almost lacking in 
natural tree dens. This area, however, 
was completely covered with ground 
dens of one type or another. 

We recognize that the average rac- 
coon hunter deplores cutting of den 
trees and destruction of natural habitat 
of raccoon, as this is a condition preva- 
lent throughout raccoon range. It is 
also realized that raccoon are versatile 
in their habits, being as much at home 


in trees as in water or on land. It may 
possibly be that originally raccoons 
denned only in trees even in Ohio, and 
during the last hundred or more years 
have evolved from a tree-denning spe- 
cies to an animal that will den anywhere, 
as Ohio evolved from an unbroken 
forested area to an agricultural land. 
We have had reliable reports on broods 
of raccoon being raised in such strange 
places as a previous year’s corn shock, 
a depression in a wheat field, a drift pile 
of fodder and debris along a river, and 
in other non-arboreal sites. 

We realize, however, that tree activity 
is common for raccoon and that tree 
dens are used for refuge or brood sites, 
because an extensive inspection of both 
natural and artificial dens of all types 
was undertaken. Two hundred artificial 
tree dens were checked yearly and will 
be rechecked during 1953 to determine 
use and durability. The board dens used 
in Ohio were somewhat similar to those 
used by Stuewer (1948) in Michigan. 
The major differences were that Ohio 
dens were larger, 14”’ x 14” x 4’, and of 
two compartments for added room and 
to exclude light. A larger entrance 8” in 
diameter was used. Dr. E. D. Martin, 
formerly Head of the Ohio Raccoon 
Farm at Milan, believes that this is the 
minimum size necessary for use by a 
pregnant female. 

To question the need of tree dens by 
raccoon, we wish to illustrate some of 
the relationships observed between rac- 
coon and groundhogs (Marmota monaz). 
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It should be remembered that there are 
not only fewer tree dens available for 
raccoon in Ohio than formerly, but the 
development of farm land from timber 
land has most certainly increased the 
numbers of groundhogs. 

The following five examples illustrate 
bet ween and 


relationships raccoon 


groundhogs in Ohio. 


I. Ust or Grounp DENs ON THE Mo- 
HAWK ReEsERVOIR AREA, COsSHOC- 
TON COUNTY, OHIO 

Part of the work of this project was 
the live-trapping and ear-tagging of na- 
tive raccoon on a section of 2,400 acres 
of the 7,000-acre Mohawk Reservoir 
Area of the Muskingum Watershed 
Conservancy District. The entire area 
was also used for evaluation of natural 
and artificial tree dens and was operated 
for supervised night hunting for raccoon 
and other game. Considerable time was 
spent on this area during 1942-46. 

The area is publicly owned and em- 
braces a wide fertile bottomland de- 
voted to corn. The Walhonding River 
winds its way through the bottoms and 
is fringed with a narrow strip of wooded 
area on each side. While the area is used 
in co-operation with flood control activi- 


ties of the Muskingum Conservancy 
TABLE 1. 

7-42 10-42 
Occupied by raccoons. ..... 0 0 
Used by raccoons.......... 8 4 
Occupied by squirrels....... 12 10 
Used by squirrels.......... 9 15 
Occupied by birds..... ashes eae 13 
Occupied by bees.......... ] ] 
Occupied by mice.......... 1 1 
Sn” See re 10 1 
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District, and groundhogs are driven out 
or into tree tops a few times each year 
when the lake area is used for water 
storage, there still remains a_ high 
groundhog population and an abundance 
of ground dens. These flood control 
activities also develop huge drift piles 
of fodder, debris and rubbish that usu- 
ally lodge in trees. The slopes above 
the bottom land are often steep, rocky 
bluffs with an abundance of mixed 
hardwood timber. Mohawk Reservoir 
should be considered a good area for 
raccoon, with excellent water, good in- 
terspersion of cover, and an abundance 
of food in fields and streams. Natural 
tree dens, however, on the 2,400 acres 
are limited to five, which were located 
by checking all timber from the ground, 
and examining all cavities believed to 
be dens, by climbing. These dens were 
located in September, 1942, and _ re- 
checked in June and September, 1943, 
when no use by raccoon was observed. 

Forty-five artificial dens erected in 
trees on this area for raccoon in March, 
1942, were checked each of five years. 
Utilization is shown in Table 1. 

The 2,400-acre section 
trapped each August for 
(1942-45) for raccoon and a total of 195 
individual raccoon were ear-tagged and 


was live- 


four years 


UTILIZATION OF 45 ARTIFICIAL DENS ON MOHAWK RESERVOIR 


Date checked 


6-43 6-44 6-45 6-46 
5 3 4 10 
7 11 16 12 
7 11 y- 5 
13 Ss 8 7 
9 3 3 3 
1 2 2 2 
1 # a =e 
2 7 10 6 
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TaBLeE 2.—Live-TRAPPING, MOHAWK RESERVOIR 


No. of raccoons trapped during trapping period 
Wo. GF ROW PACOOONS:. «66 6c s esis nedes eaves 


No. of raccoons repeating during trapping period 
Total no. trapped during trapping periods............ 


liberated where trapped. The following 
figures indicate a high raccoon popula- 
tion (Table 2). 

To perhaps also give evidence that 
raccoon use ground dens, Table 3 records 
hunting chases ending unsuccessfully, 
from data obtained from raccoon hunt- 
ers using this area. 

The area maintained a dense popula- 
tion of raccoon during August each year 
between 1942-45, and it appeared that 
dens other than in trees had to be used. 
Raccoon chases that were unsuccessful 
during hunting season on this area ended 
many times at ground dens. Certainly 
the 195 raccoon that were live-trapped 
did not use exclusively the natural or 
artificial tree dens on the area. 


Il. Ust or Grounp DENs ON Woop- 
BURY REFUGE, COosHOCTON CoUN- 

TY, OHIO 
Part of this project was evaluation of 
refuges in raccoon management. It was 
reported (Butterfield, 1944) that the 
value of a refuge for raccoon depends 
upon many factors including topography. 


August August August August 


1942 1943 1944 1945 Total 
RSs 44 4 76 56 220 
eae 44 38 67 46 195 
poate 7 4 21 11 43 


51 48 97 67 263 

This area of 774 acres contained 54 
excellent den trees for raccoon, of which 
41 were in beech. It is interesting to note 
that 38 of these dens were in ‘“‘top 
snags.’’ Utilization of natural tree dens 
are summarized in Table 4. 

This area was live-trapped seven 
times during the four years 1942—46. 
Results, summarized in Table 5, indi- 
vate a high raccoon population. 

An interesting incident between rac- 
coon and groundhog occurred on March 
2, 1945. About 4 inches of snow was on 
the ground, with a light crust which 
had formed the preceding night. Tracks 
showed that a raccoon and a groundhog 
fought and had rolled approximately 30 
feet down the hill from a series of 
ground holes leaving a trail of mud, 
blood, and fur. The tracks showed the 
raccoon had ridden the groundhog down- 
hill, then circled back to the den. The 
groundhog, after visiting a few other 
dens in the neighborhood, returned to 
the original den. 

Immediately box traps were set on all 
the entrances of this ground den and 


, 


TABLE 3.—PERCENTAGE OF UNSUCCESSFUL Raccoon CHASES, MOHAWK RESERVOIR 


Hunting Hunting Hunting Hunting 


Season Season Season Season 


Unsuccessful chases 1942-43 1943-44 


oe 68% 
Ground dens.............. 30% 
PONS 3s rere: Sedona aosse es 2% 


1945-46 


1944-45 


42% 36.8% 47.5% 
56% 63.2% 52.5% 
Se ti(‘i‘C ag 
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TABLE 4.—UTILIzATION OF NaTURAL Raccoon Dens, WoopBurRY REFUGE 
Date Located ates Checked 
2-42 6-42 9-42 11-42 1-43 648 644 6-46 

No. occupied by raccoons...... 10 5 2 0 0 2 1 4 
No. used by raccoons.......... 22 14 12 9 11 15 11 12 
No. used by squirrels.......... 6 11 16 8 4 1 2 1 
Pics U80G OY OWIS.. 62.4552 8 2 2 

No. used by bees............. 2 a a 
No. used by buzzards......... ay ae , ee ia 1 1 
De MOG MONG, 6bsccckccas ncn 14 18 21 2 4 25 10 9 
No. now Refuge dens........... .. 2 3 6 11 10 
No. destroyed by nature....... wi ne 5 16 17 
ORGE CROOREE ... 5... 5 5c ccc siees 54 54 19 19 54 52 54 





staked so that any animal leaving the 
den had to enter the trap. During the 
next two weeks, two female groundhogs 
were trapped, one of which was badly 
cut up from fighting. 

During the seven trapping periods on 
this area, 9 individual after 
liberation were followed to this same 
group of dens. A male adult, liberated 
one-half mile away in the snow at 10:00 
a.m., was tracked to this den 15 minutes 
later. A cub, live-trapped four times in 
a box trap about 100 yards away, always 


raccoon 


went to this group of dens when liberated. 

This area maintains a high raccoon 
population and has a large number of 
suitable brood dens per acre; yet, the 
majority of raccoon must be living in 
the ground. Retrapping records, kill of 





-ar-tagged raccoons, and repeating rec- 
ords indicate that the normal range of 
raccoon is small. 


III. Use or Grounp Dens As REFUGE 
SITES 

Four hundred and fifteen individual 
raccoon were live-trapped in 590 trap- 
pings. Except for 11 raccoon moved to 
new ranges experimentally, these rac- 
coon were liberated where trapped. 
Liberated raccoon were followed on foot 
with care not to force them, yet to stay 
within sight of them. Three hundred 
nineteen raccoon were followed until 
they “holed up.” Refuge sites are sum- 
marized in Table 6. 

It is logical to assume that a raccoon 
upon liberation will “hole up” in the 





TABLE 5.—Live-TrRAPPING, WoopBURY REFUGE 
7-42 2-43 7-43 X44 9-44 2-45 7-45 Total 
No. raccoons trapped during trap- 

WE DOVE. cciccs caeiicccinee es, am 21 34 29 15 18 24 163 
No. new raccoons............... 22 14 21 9 11 11 a 99 
No. raccoons repeating during 

trapping periods.............. 6 6 6 15 0 1 0 28 
Total no. trapped during trapping 

MIN isuidig ace rete aia oases 28 27 40 44 15 19 24 191 
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TABLE 6.—REFUGE SITES OF NaTIVE Raccoon 
AFTER LIVE-TRAPPING AND LIBERATION 











Type of refuge Number Percentage 
Ground dens......... 148 46.4 
Refuge den trees...... 58 18.18 
Base of trees......... 46 14.42 
DNR case cite cies creer 32 10.03 
Open trees........... 19 5.93 
Brood den trees....... 6 1.88 
Tile GISINS...... 60605 5 1.64 
6 re 4 1.2 
Muskrat bank dens... 1 .o2 








first safe place available. We attempted 
to allow the animals free choice of refuge 
sites, but it is reasonable to suspect that 
in many cases they were frightened by 
handling and tagging. However, the 
results are believed to show a true pic- 
ture of den preferences. The ground 
dens and often the rock dens were made 
or developed by groundhogs. 


IV. Use or Grounp Dens as DEN- 
NING SITES 

Because all the raccoon seemed to be 
using ground dens on Woodbury Refuge, 
20 box traps were set on 20 ground dens 
where raccoon had taken refuge during 
previous trapping periods. Box traps 
were staked down over ground dens so 
that anything coming out of a den 
would enter a trap. During a week’s 
trapping in September, 1944, 2 raccoon, 


one opossum, and 2 groundhogs were 
taken. 

While not a large record, it is signifi- 
cant that raccoon were trapped from 
ground dens in view of the fact that 
Woodbury Refuge has good timber, 54 
excellent brood dens for raccoon, and 
many more other dens that might be 
suitable. 


SUMMARY 


1. It appears that groundhogs and 
raccoon often use the same hole as a 
refuge site, as a den, and even perhaps 
as a brood den. 

2. Den trees may not be necessary to 
maintain a high raccoon population if 
an adequate supply of ground dens are 
present. 

3. In one case observed, a groundhog 
took the worst of a fight with a raccoon. 
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NOTES ON THE LIFE HISTORY AND MANAGEMENT OF 
THE SHORTNOSE AND LONGNOSE GARS 
IN FLORIDA WATERS! 


Aneil D. Holloway 


U.S. Fish and Wildlife Service, Minneapolis, Minnesota 


This study, undertaken to clarify the 
position of gars in a fish management 
program, was started along with other 
studies on Ocala National Forest, Flor- 
ida, where the state and the U.S. Forest 
Service manage approximately 17,000 
acres of lake water in the Ocala Wildlife 
Management Area. 

Material was collected from January 
to June 1939, inclusive, and during 
March 1940. John W. Cooper, District 
Forest Ranger, collected the material 
taken in July, August, and November, 
1939. 

For convenience in organization of 
data the material was segregated into 
size groups. For example, all specimens 
measuring 13 inches plus fractions, were 
placed in the 13-inch length group. 

Fish found in the stomachs 
divided into the following categories: 

) Small miscellaneous fishes 


were 


l 
2) Centrarchids 
3) Others 


COLLECTING METHODS 


Most collected at 
night by spearing from the bow of a boat 
with the aid of bright lights. A second 
man maneuvered the boat with an air- 
cooled outboard motor. The efficiency 


of this method was attested by results, 


specimens were 


1 Most of the field data were collected in 
1939-1940 while the author was employed by 
the U. S. Department of 
Agriculture. 


Forest Service, 


which averaged | to 1.5 gar per minute 
over periods of 2 to 4 hours. The regular 
five-tined available from some 
sporting goods establishments is not 
sufficiently substantial for gar gigging. 
It makes a good model, however, from 
which a blacksmith can make satisfac- 
tory gigs from tool or spring steel. 
Since successful gigging is done only 
at night, it is important to have suffi- 
ciently bright light. The most. satis- 
factory lights used were an arrangement 
of two tractor headlights, one on each 
side of the bow and a third above these 
for quick adjustment in any direction. 
All lights contained diffusion lenses to 
widen light beams, were fitted into ball 
and socket joints, and mounted on a 
frame easily attached to the bow of a 
boat, and lighted from a storage battery. 
Potter (1927) collected gars by shoot- 
ing when they were basking in the sun; 
Ripper (1937) with a gillnet ; Gowanlock 
(1939) with hoop nets and the Oldham 
“Gar-fish-trap — game-fish-escape”’ at- 
tached; Texas Game and Oyster Com- 
mission (1930) and Burr (1932) by use 
of electricity; and Lagler, Obrecht and 
Harry (1942) by seining, gillnets, fyke 
nets, and spearing. We have demon- 
strated that gars can be collected in 
large numbers during periods of high 
water temperatures when concentrated 
on shallow mud flats with the use of 
rotenone. If all gars in a treated area 
are to be killed, it is necessary to block 


spear 
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off the area with a seine, otherwise 
many gars will escape. 


THE SHORTNOSE GAR 
(Lepisosteus platyrhincus DEKay) 


BEHAVIOR — During January and 
early February 1939, shortnose gars 
were found throughout shallow lakes. 
In deeper lakes (12 to 25 feet) these 
gars were seldom observed or captured 
except in or near vegetation. Between 
February 12th and 18th, large numbers 
of shortnose gars were found on shallow 
mud-flats. These concentrations — re- 
mained until mid-April. During this 
period, shortnose gars were seldom ob- 
served in the open and deep waters of 
the lakes. 

In Lake Eton (351 acres) concentra- 
tions of shortnose gar occurred on two 
mud-flats at opposite ends of the lake. 
Three other mud-flats were available, 
but not a single gar was observed over 
them. In Mud Lake (approximately 350 
acres) three concentrations were found. 
Mud Lake is less than 6 feet in depth, 
and the lake floor consists of decaying 
organic matter from one to six feet deep. 
Gar concentrations appeared to have 
little relation to amount of cover and 
none to amount of organic deposits. 
Two of these concentrations occurred 
where there was no vegetation. The 
third concentration occurred in and 
near growths of American lotus ( Nelum- 
bo) and yellow water lily (Nymphaea). 

Concentration areas in streams, such 
as Oklawaha River, were less marked 
than in lakes. More often large numbers 
of gar were found at mouths of old 
bayou channels and tributaries, in chan- 
nels of bayous where there was a slight 
flow of water, and in marginal vegeta- 
tion which consisted largely of lotus and 


water lilies. Few shortnose gars were 
taken from the main stream channel. 

About April 15, 1939, these heavy 
concentrations of shortnose gar gradu- 
ally dispersed in the lakes, but even after 
dispersal these areas still retained suffi- 
cient gar to make collecting more pro- 
ductive than elsewhere. Undoubtedly, 
this was due, in part, to better visibility 
and more efficient collecting conditions. 
Observations indicated dispersal from 
areas where gars were usually found in 
streams. Apparently, concentrations 
were independent and not directly con- 
nected with reproductive behavior, as 
the peak of the spawning did not occur 
until approximately two months after 
dispersal. 

FEEDING Hapirs—Feeding was ob- 
served during all hours of day, but was 
observed more frequently after sunset, 
on moonlight nights, and on cloudy days. 
Gars were active on dark nights and 
clear, bright days, but little feeding 
activity was noted at these times. Gars 
are gregarious and usually swim in 
groups of 2 to 10 or more. When one of 
such a group begins feeding actions, the 
entire group starts similar movements. 
This often creates a commotion that can 
be detected 25 to 50 yards away. 

Slightly more than 8 per cent of 2,410 
stomachs of shortnose gar examined be- 
tween February | and June 1, contained 
food material. The contents were as fol- 
lows: 43 per cent miscellaneous small 
fishes consisting of brook silversides 
(Labidesthes), killifish (Fundulus), Gam- 
busta, shiners ( Notropis) and lake chub- 
suckers (EHrimyzon); 33 per cent Cen- 
trarchids consisting of warmouth bass 
(Chaenobryttus coronarius), —bluegills 
(Lepomis macrochirus), redear sunfish 
(L. microlophus), yellowbelly sunfish 
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(L. auritus) and largemouth bass (M7- 
cropterus salmoides) ; 23 per cent of other 
forms as_~ grasshoppers’ (Neocono- 
cephalus), the common prawn (Palae- 
monetes), and yellow and brown bull- 
heads (Ameiurus natalis and A. nebu- 
losus), pickerel (Esox). Food forms in 
each group are listed according to the 
frequency with which they occurred. 


Fish were present in 73 of the 217 
stomachs collected in July and August. 
By number 70 per cent were brook 
silversides, killifish, Gambusia, and shin- 
ers; 8 per cent largemouth bass, war- 
mouth bass, and redear sunfish; 21 per 
cent comprised unidentifiable fish re- 
mains. 


The forms most common in habitats 
from which the gar were collected oc- 
curred most often in stomachs taken 
from those waters. Gar taken from Mud 
Lake more often had eaten killifish; 
those from Lake Eton, warmouth bass; 
and those from Salt Springs Creek, 
crayfish. The great bulk of fish eaten 
were between 2 and 5 inches in length. 
The outstanding exception was the re- 
mains of a bass approximately 12 inches 
in length (estimated live weight 14 to 
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18 ounces) taken from a 16-inch gar 
that weighed 13 ounces. 

These data on food habits correlate 
well with those of Potter (1927), Lagler 
et al. (1942), Parker (1939) and Bon- 
ham (1941). 

Sex Ratios—The sex ratio (Table 1) 
of material from Lake Eton and Mud 
Lake is approximately 50 males to 100 
females, while the material from Okla- 
waha River is approximately 91 males 
to 100 females. It is probable that the 
91 : 100 ratio found in Oklawaha River 
is close to the normal sex ratio in L. 
platyrhincus. It is believed, however, 
that the sex ratio of the material taken 
from Mud Lake represents approxi- 
mately the true ratio of the sexes as they 
occurred in that water. 

Mud Lake is a shallow mud-bottom 
lake with a maximum water depth of 6 
feet, and not more than 5 acres were 
covered with vegetation. The lights used 
in gigging gave excellent visibility over 
the entire floor of the lake, making it 
possible to obtain representative sam- 
ples. Every effort was made to sample 
all areas of the lake on each visit. The 
material taken on each trip was close to 
the ratio of 50 males to 100 females. 


TABLE 1.—NuMBER, AVERAGE WEIGHT, AND Sex Ratio or Lepisosteus platyrhincus TAKEN FROM 
WATERS OF THE OcaLa NATIONAL Forest, OcaLa, FLoRIDA 














Sex Ratios 











Females — ee Males | Total Ratios — 
Locality Average Average | number | Number males 

weight weight both per 100 

Number (pounds) | Number (pounds) SEXES females 
eet 446 1.35 194 0.85 640 43 
er 619 1.46 348 0.89 967 56 
Oklawaha River......... 567 1.49 517 0.95 1,084 91 
Alexander Springs Creek...) 11 1.3 25 1.23 | 36 227 
Salt Springs Creek....... 26 1.07 21 0.52 | 47 81 
2 | ere aerear | 1,105 2,774 66 
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As the sex ratio of 43 males to 100 
females in Lake Eton is close to the 
ratio found in Mud Lake, it is possible 
that this is near the actual ratio in Lake 
Eton. However, we cannot suggest the 
factors that might cause this peculiar 
difference between the sex ratios of lake 
and stream fish. 

DISTRIBUTION OF SEXES IN LENGTH 
Groups—The length-frequency distri- 
bution of males and females from Mud 
Lake, Lake Eton, and Oklawaha River, 
respectively, are graphically represented 
in Figures 1, 2, and 3 respectively. 

In all three waters the peak of the 
male population fell within the 17-inch 
and 18-inch size groups, though the 
peak of the female population was in the 
20-inch to 21-inch size groups in the lake 
material and that from Oklawaha River 
in the 18-inch size group. 
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Fic. 1. Length-frequency distribution of 348 

males and 619 females of Lepisosteus platyrhin- 

cus from Mud Lake. Ocala National Forest, 
Ocala, Florida. 
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Fig. 2. Length-frequency distribution of 200 

males and 465 females of Lepisosteus platyrhin- 

cus from Lake Eton, Ocala National Forest, 
Ocala, Florida. 


In Mud Lake 82 per cent of the males 
and 17 per cent of the females, in Lake 
Eton, 80 per cent of the males and 18 
per cent of the females, and in Oklawaha 
River 78 per cent of the males and 34 
per cent of the females, were less than 
19 inches. 

From January to June, inclusive, 
(observations during other months were 
not made)—no shortnose gar less than 
13 inches in length were captured in 
traps and seine hauls or observed in 
many hours of night observations. In 
Kton Creek, which drains Lake Eton, a 
trap blocking the entire channel was set 
from Mareh to May, inclusive. Hun- 
dreds of small and large individuals of 
other species were taken, but no short- 
nose gar less than 13 inches in length 
were captured. Meehean (1942) treated 
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Fig. 3. Length-frequency distribution of 517 

males and 567 females of Lepisosteus platyrhin- 

cus from Oklawaha River, Ocala National 
Forest, Ocala, Florida. 


2 ponds totaling 6 acres with rotenone 
and recovered 7 shortnose gar, all over 
16.5 inches in length. He stated,—‘‘The 
young, no doubt, fell prey to the large- 
mouth bass.’”’ The apparent absence of 
gar smaller than 13 inches may be due 
to predation as suggested by Meehean, 
to rapid growth of young, or insufficient 
food to permit reproduction—as fre- 
quently occurs with largemouth bass, 
when ponds become overpopulated with 
bluegills. The latter interpretation does 
not appear to apply, since, for the most 
part, the gar were in excellent condition 
with large quantities of fat stored in 
their abdominal cavities. The young gar 
may be particularly vulnerable to preda- 
tion, the species for other reasons may 
have a low reproductive capacity, or it 
may be that the young were inad- 
vertently overlooked. 
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SPAWNING—From January to June 
15, 1939, and in March 1940, 2,476 
specimens were examined. Three indi- 
viduals collected in the first half of 
May had spawned. Of 48 females taken 
from Mud Lake on July 25, 1939, 17 
had spawned, 20 partly spawned, 7 were 
ripe, and 4 were unripe. Of 5 females 
taken from Lake Eton on the same 
night, 1 had spawned, 2 partly spawned 
and 2 were ripe. Of 4 females taken from 
Salt Springs Creek on August 12, 3 had 
spawned and the other was ripe. Of 14 
females taken from Lake Eton on 
August 18, 8 had spawned, 3 paitly 
spawned and 3 were unripe. Of the 19 
females taken from Mud Lake on No- 
vember 21, two contained very small 
eggs, an indication that spawning oc- 
curred probably as late as the last of 
September and would not occur again 
until the following summer, while the 
other 17 specimens had eggs almost as 
large as when ready to be spawned. 

Ripper (1937), on the basis of data 
from 180 females collected from Ocean 
Pond, Lake City, Florida, reported 
spawning in May, June, and July. No 
data were collected after July. 

Data from the Ocala studies indicate 
that spawning began in May and con- 
tinued through August. As there were a 
few females with immature eggs in the 
middle of August, it may be assumed 
that some individuals do not complete 
spawning until September. Spawning 
was at its height in July and August. 

Eaa Counts—Egg counts were made 
by measuring, in graduated cylinders by 
water displacement, the volume of 500 
or 1,000 eggs to 0.1 millimeter. After fat 
and ovarian membrances had been sepa- 
rated from the eggs, the total volume 
and the total number 


was measured 
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calculated. Actual counts were +5 per 
cent of volumetric estimates in 14 check 
counts. Egg counts were confined to 
individuals with well-developed eggs. 
In general, egg numbers increase with 
length of the gar (Table 2). However, 
a few of the longest females had smaller 
numbers of eggs than the shortest ones. 
The ovarian membranes of one female 
had shrunk to long, thin tubes. Ap- 
parently, this individual was completely 
barren. Others were found with large 
fat accumulations in the ovarian mem- 
branes, the egg numbers ranging from 
70 to 500. In these cases the eggs were 
abnormally small. The few individuals 
of this type were in the longer length 
groups, which may indicate that this is 
a phenomenon connected with old age. 
The 515 normal specimens from which 
egg numbers were calculated gave an 
average of 5,209 eggs per female. 


THE LONGNOSE GAR 
(Lepisosteus osseus Linnaeus) 


Brenavior—The longnose gar differs 
from the shortnose in that it ranges 
over the entire area of the lakes during 
the concentration period of the latter 
(February 15 to April 15). Shallow 
mud-flats were more productive of long- 
nose than open-water areas. Individuals 
from mud-flats usually were smaller than 
those found along margins of the mud- 
flats and in deeper waters. 

Nearly all longnose gar taken from 
streams were in mid-channel. They 
were not often found in marginal vege- 
tation. The bayou channels were usually 
productive of good catches provided 
there was a slight current. 

Longnose gar are gregarious to the 
extent that they are usually found in 
groups of 2 to 5. Sometimes shortnose 


TaBLeE 2.—SumMary oF Eaa Counts spy LencrH Groups anp Waters oF Lepisosteus platy- 
rhincus FROM THE OcaLA NaTIONAL Forest, OcaLa, FLORIDA 


Length Lake Eton Mud Lake Oklawaha River rset —— 
group - ae —_— 
in Average Average | Average Average Average 
inches | Number | number | Number | number | Number | number | Number | number | Number | number 
counted eggs counted eges counted eggs counted eggs counted eggs 
13 ‘ F maid l 023 ; ban 
14 1 1,887 
15 P . ; 6 1,934 eae a er 
16 1 1,927 3 1,431 11 2,097 , er 3 3,033 
17 3 2,857 16 3,849 6 1,689 1 1,551 5 2,828 
18 19 3,140 25 4,853 49 2,835 1 2,642 1 1,125 
19 18 3,082 7) 5,174 44 3,338 ] 1,749 4 3,341 
20 32 3,966 51 6,973 18 4,848 2 4,795 1 3,570 
2 19 3,965 46 7,321 21 4.357 l 4,807 
22 15 4,826 17 8,240 14 6,331 1 3,049 
23 9 4,874 10 10,032 7 5,584 a ; 3 6,946 
24 7 5,350 3 10,762 5 10,016 ie ere ; ‘ele 
25 l 8,085 7 6,954 1 6,628 1 10,012 
26 1 7,735 1 8,638 2 10,804 
27 1 13,312 2 10,070 
28 1 10,526 7 ‘ 
29 ; er 2 7,962 
34 1 15,450 
Total 125 4,717 226 6,587 195 4,071 6 3,693 21 3,899 
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are found closely associated with these 
groups. 

Foop 
representing 20 per cent of the catch of 
longnose gar examined between January 
and May, inclusive, 40 items were taken. 
By number, 40 per cent consisted of 


Hasits—From 31. stomachs 


miscellaneous small fishes as listed pre- 
viously; 59 per cent Centrarchids as 
listed previously and including the 
spotted sunfish (L. punctatus), and the 
black crappie (Pomoxis nigro-macula- 


tus). 
Of 31 stomachs examined in July and 
August, 7 contained 11 killifish and 


brook silversides, 1 a warmouth bass, 
and 3 contained fish remnants. 

Ripper (1937) noted an exclusive diet 
of fish for 214 longnose gar taken from 
Ocean Pond, Lake City, Florida. Thirty- 
three per cent of the fish taken from gar 
stomachs from Ocean Pond belonged to 
the sunfish family. 

Sex Ratios—The sex ratios of long- 
nose gar taken from 
given in Table 3. The number of males 
to 100 females and number examined 
are as follows: Lake Eton 268 (129), 
Mud Lake 58 (207), Oklawaha River 
307 (57) and Alexander Springs Creek 
36 (19). Ripper (1937) reported a sex 


four waters are 
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ratio of 164 males to 100 females among 
214 longnose gar taken with a 3-inch 
stretch mesh gill-net from Ocean Pond, 
Lake City, Florida. Gill-nets are selee- 
tive of size groups and where one sex is 
predominantly larger than the other as 
occurs in L. osseus, they should be 
selective of sexes. Gigging is selective, 
probably, according to a number of 
variable factors such as turbidity of the 
water, depth and type of habitat. For 
reasons discussed previously, it is be- 
lieved that only the material from Mud 
Lake represents the approximate ratio 
of the sexes as they oceurred in that 
water. The variation in data between 
different waters suggests that sampling 
methods need further investigation to 
determine if they indicate actual sex 
ratios. 

DIsTRIBUTION OF SEXES IN LENGTH 
Groups—Only 3 of 44 males taken from 
Oklawaha River extended 39 inches in 
length. The shortest female 40 
inches in length. From Alexander Springs 
Creek, the longest male was 36 inches in 
length and the shortest female 41 inches. 
From Mud Lake, the longest males were 
34 inches in length and 61 per cent of 
the 131 females were over this length. 
Of 94 males from Lake Eton, only one 


was 


TaBLeE 3.—NUMBER, AVERAGE WEIGHT, AND Sex Ratio oF Lepisosteus osseus TAKEN FROM 
WATERS OF THE OcaLA NATIONAL Forest, OcaLa, FLoripa 


Females 
Average 
weight 
Number (pounds) 


Locality 


Lame Btom......... be 35 5.85 
BOG LARC... 6c. cicccces 131 6.91 
Oklawaha River......... 14 14.85 
Alexander Springs Creek. . 14 15.00 
| | MRR Re eeran emai arr eneee 


Males Total Sex Ratios 
Average number | Number males 

weight both per 100 

Number (pounds) SEXES females 
94 1.80 129 268 
76 2.69 207 58 
43 1.81 57 307 
5 3.40 19 36 
218 2.15 112 
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was longer than 30 inches and 69 per 
cent of the 35 females were over this 
length. The smallest male taken was in 
the 22-inch length group, and the small- 
est female was in the 26-inch group. 
Smaller sizes were not taken in gillnets, 
traps and seine hauls, nor observed on 
night collecting trips. 

The average weight of all females was 
7.8 pounds; that of the males was 2.1 
pounds (Table 3). 


SPAWNING—One spawned female was 
taken from Alexander Springs Creek on 
April 25, 1939. No other spawned speci- 
mens were taken between January 15 
and June 1. No data were collected 
between June | and July 23. On the 
latter date, 12 females were taken from 
Mud Lake. Four of these had spawned, 
3 partly spawned, and 5 were unripe. 
Of 3 females taken from Lake Eton on 
July 25, 2 had spawned and one was ripe. 


From 81 females taken from Ocean 
Pond, Lake City, Florida, between 
March and August, 1937, Ripper (1937) 
reported spawned females from April 16 
to July 1. All females had spawned by 
July 1. 


The smallest females collected were 
in spawned and partly spawned con- 
dition. 


Kaa Counts—The largest count of 
eggs (77,156) was from a fish 56 inches 
long, weighing 32 pounds, taken from 
Oklawaha River. A specimen 53 inches 
in length, taken from Alexander Springs 
Creek, weighed 28 pounds and con- 
tained 70,732 eggs by volume calcula- 
tion. Slightly more than 13 per cent of 
the female longnose gar contained in 
excess of 40,000 eggs and 21 per cent 
contained more than 30,000 (Table 4). 


GAR CONTROL AS AN INSTRUMENT 
IN Fish MANAGEMENT 


Gar control has been considered a 
method of improving waters for angling 
by some state conservation agencies and 
by sportsmen, (Lagler et al. 1942, Gow- 
anloch, 1939 and others). This popular 
conception has been given some justi- 
fication by this and other studies show- 
ing gars to be highly piscivorous, eating 
fishes of greater value to man than are 
the gars; and competing for food with 
predaceous game-fishes. 

The basic conception that a given 
water area will support a certain amount 
of fish depending on such factors as 
fertility, temperature, length of growing 
season and the combination of species 
present has become so well established 
as to be axiomatic. As the purpose of 
fish management is to produce the maxi- 
mum number of desirable fish with utili- 
zation commensurate to yield, the effect 
of gar control on the amount of game- 
fishes that can be harvested, should be 
the decisive factor in evaluating li as a 
tool in fish management. 

It remains to be demonstrated clearly 
whether the reduction of gars will result 
in an increase or decrease in the harvest 
of desirable species. Neither has it been 
shown that gars act as regulators to pre- 
vent overpopulated or unbalanced popu- 
lations, but this has been assumed by 
most workers due to the piscivorous 
habits of gar. Lagler, et al. (1942) point 
out among other facts that ‘‘. . . gar pop- 
ulations are greatest (and perhaps most 
useful) where the largest populations of 
buffer, forage and coarse species of fish 
occur;” and that ‘‘it is perhaps logical 
to expect that, if not controlled in some 
way their numbers will increase as man 
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TasBLe 4.—SumMary oF Ecc Counts sy LENGTH Groups WATERS OF Lepisosteus osseus FROM 


THE OcaLa NATIONAL Forest, OcaLa, FLoripa 

















Alexander | 
Length Lake Eton Mud Lake Springs Creek Oklawaha River | Juniper Springs 
groups “es ~ = = ” ee ee ee eee | - 7 = 
in Average Average Average | Average | | Average 
inches | Number | number | Number | number | Number | number | Number | number Number | number 
counted eggs counted eggs counted eggs eounted eggs | counted | eggs 
27 i 1,110 | | | om 
28 2 3,196 ae | ad 
29 l 7,662 2 11,046 ne 
30 5 9,146 = 
31 1 9,612 } | fie | 
32 8 11,316 | er 
33 4 5,405 16 15,124 
34 l 6,643 7 12,080 
35 1 9,339 8 15,163 | 
36 1 19,476 12 11,981 
37 1 11,187 5 12,165 
38 3 16,644 
39 i ; ‘ 6 11,094 oe esas 
40 1 10,033 1 18,250 1 40,622 
41 1 13,390 1 9,980 
42 1 11,674 1 23,088 ‘ wees 
43 3 34,784 2 | 29,382 re 
44 1 25,578 1 53,572 
45 AD 1 40,182 
46 l 19,264 . or 1 48,838 
17 ] $1,596 1 55,029 eens 
48 -arece 1 31,243 1 1,087 2 43,112 
49 1 10,767 ; 2 47,106 1 | 29,637 
50 3 12,216 5 32,595 1 | 56,443 
51 1 60,382 o« oe 
53 1 70,732 re 
6 ee 1 77,156 
58 1 34,750 


goes on upsetting the balance to favor 
them by cropping those predacious food 
fishes that presumably are their natural 
enemies.” 

These theoretical aspects of the prob- 
lem are supported by studies of com- 
plete fish populations by Bennett (1944) 
who-lists four types of populations caus- 
ing poor fishing. Two of these were 
caused by overpopulation of several 
game-fish species. One type had “A 
dominant brood or year class of a single 
predatory species (crappies in Illinois), 
that, from the year of its origin, con- 
trols the survival of young of all species 
within a lake, until a sudden natural 
die-off so reduces its numbers to 


as 


allow the survival of another large year 
class of the same species. These domi- 
nant broods appearing every three to 
five years, require two or three years to 
reach useful size, and furnish good fish- 
ing for only one or two seasons out of 
four or five.”’ The other situation 
“an ‘unbalanced’ fish population, not 
necessarily stunted or including a domi- 
nant species, in which the kinds of fish 
useful for angling are so outnumbered 
by those of no angling value that few 
fish are caught.” 


is 


It is apparent that large predatory 
fishes would be necessary in all four 
classes to permit the development and 
harvest of a usable annual crop. Also, 
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it is reasonable to believe that more fish 
should be harvested if the populations 
consist almost entirely of game-fishes 
rather than fishes not useful for angling. 

Meehean (1942) using rotenone in a 
study of the populations of five Florida 
lakes found a ratio in weight of predators 
to nonpredators between 1 : 2.27 and 
1 : 3.16, with an average near 1:3. 
Swingle, (1950) in an analysis of ‘89 
separate well-established fish popula- 
tions’”’ showed that the most desirable 
range of predators to nonpredators was 
between 1:3 and 1:6, and that fish 
populations must maintain a ratio of 
predators to nonpredators within these 
limits if satisfactory fishing is to be 
maintained over a period of years. The 
combination of species may modify the 
ratio to some extent and ratios near 
either extreme may affect the size and 
quality of the species involved. The 
ratio is obviously affected to the extent 
that immature fish of commonly classed 
predatory species are grouped as non- 
predators. Such variations may be ex- 
pected to differ according to the method 
of the individual worker, but does not 
change the principle involved. 

The necessity of a balance between 
predatory and nonpredatory species has 
become accepted as a basic game-fish 
management concept (Moyle 1949, 
Swingle 1950). This concept implies 
that as the quantity of any one species 
increases, the quantity of competing 
species decreases. The increase by 100 
pounds of one predatory species does 
not necessarily imply that competing 
predatory species will decrease 100 
pounds as the combination of species 
with their respective food habits may 
be a prime factor in the changes that 
occur. 


Applying this principle to Mud Lake, 
from which 1,100 pounds of gar were re- 
moved, it would follow that we have 
increased the carrying capacity for com- 
peting species by approximately this 
amount. One cannot predict with our 
present knowledge the degree of increase 
by which each of several competing 
species may fill in this void in the popu- 
lation. Therefore, if this principle is to 
be used in management to increase more 
desirable species, it will be necessary to 
provide adequate stocking of desired 
species to insure results. 

In the case of Lake Eton, bass finger- 
lings 3 inches in length were stocked in 
conjunction with gar removal at the rate 
of 50 per acre. Marking experiments 
conducted by Dr. O. L. Meehean of the 
U. S. Fish and Wildlife Service indi- 
cated a survival at the end of one year 
of approximately 30 per cent in other 
similar natural waters. Growth rates 
averaged about 0.5 pound per bass the 
first year. This would provide for ap- 
proximately 2,600 pounds of bass which 
should have been more than adequate 
to replace the 1,150 pounds of gars re- 
moved. Five inspections of the lake were 
made during the 10-year period follow- 
ing gar removal. These inspections were 
made over the same areas of the lake 
each time and approximately at the 
same calendar period. Each inspection 
consisted of either two or three consecu- 
tive night trips with counts being made 
on sample plots. The actual numbers 
observed on each trip varied from 11 to 
39 with a mean of 30, suggesting no 
appreciable change in the gar popula- 
tion during the period. Counts prior to 
gar removal always totaled several hun- 
dred. Although no creel census was 
made, there is evidence in the increased 
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number of fishing boats to suggest that 
angling was improved. This increase in 
usage was not observed on similar in- 
accessible lakes in the area. 

If we assume that bass fishing was 
improved in Lake Eton, then we must 
assume that the improvement was due 
to either an increase in the number of 
bass available to be caught, or to other 
the 
weight ratio of predators to nonpreda- 
combination of 


reasons, such as an increase in 


tors, or to a causes. 
Since we have an abundance of observa- 
tions where angling has been improved 
by increasing the weight ratio of preda- 
tors to nonpredators, it is reasonable to 
believe that fishing could have been im- 
proved as much or more by the latter 
method if the gars had not been re- 
moved. The author has had difficulty in 
modifying the segments of a fish popu- 
lation unless part of the population is 
destroyed then desirable 
changes must be insured ordinarily by 
stocking with relatively large numbers 
of the species desired. Stocking is often 


and even 


not necessary where bass and bluegills 
are the principal species involved. In 
ponds and lakes where water levels can 
be manipulated or where partial poison- 
ing can be administered to change the 
balance in favor of the predator popula- 
tion, satisfactory fishing has been ob- 
tained without control of “unwanted” 
species. In such cases, the bass popula- 
tion increases and the ‘‘unwanted”’ spe- 
cies become less dominant. Our experi- 
ence in the southeastern United States 
on the renovation of fish populations 
suggests that poor angling for game- 
fishes is primarily a result of a relatively 
low weight ratio of predators to non- 
predators (slow growth rates and rela- 
tively light bass reproduction). Since 


JOURNAL OF WILDLIFE MANAGEMENT, VoL. 18, No. 4, OcroBER 1954 


our important game species are the 
basses, crappies, sunfishes and catfishes, 
the basses are the important predators 
and bluegill sunfish the important non- 
predator. In fish populations where the 
weight ratio of predators to nonpreda- 
tors is maintained at a ratio that pro- 
vides for heavy annual reproduction of 
basses and bluegills, little trouble is 
experienced with “rough’’ fishes. It is 
our opinion that large populations of 
“rough” species in-our southern waters 
is primarily the result of overcrowding 
of nonpredators which reduces bass re- 
production. The removal of large num- 
bers of gars without providing for an 
increase in basses to fill the void, could 
be expected to cause crowding of non- 
predators, resulting in reduced growth 
rates and reduced harvests of game- 
fishes. 

Whether gar or other ‘rough’’ fish 
control is good management, depends 
on several factors related to the specific 
water involved. Factors to consider are 
fishing intensity, costs, and whether the 
desired results have a good chance of 
being realized with the management 
tools available. most southern 
waters with poor angling are underfished 
and have relatively slow growth rates 
caused from overcrowding of nonpreda- 
tors, it would appear that the harvest 
of game-fishes could be increased more 
often by the use of those management 
tools that will reduce overcrowding of 
thus permitting heavy 


Since 


nonpredators, 
annual reproduction from the basses. 
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EELGRASS STATUS AND ENVIRONMENTAL RELATIONS 


Clarence Cottam 
U. S. Fish and Wildlife Service, Washington, D. C. 


and 
David A. Munro 


Canadian Wildlife Service, Ottawa, Canada 


This report is based on the first ex- 
tensive survey of eelgrass (Zostera 
marina) status since 1946 (Cottam and 
Addy, 1947) and the only full-seale 
continental reconnaissance since 1935 
(Lewis and Cottam, 1936). The infor- 
mation represents contributions from 
game departments of all coastal states 
and provinces concerned with the eel- 
grass problem as well as from numerous 
private agencies and individuals. Many 
state and provincial biologists, together 
with game agents, refuge managers, fish 
hatchery personnel, and various other 


workers of the U. S. Fish and Wildlife 
Service and the Canadian Wildlife 
Service deserve special thanks for their 
co-operation in the program. In all, 
over 360 locality reports on eelgrass 
were received, far more than in any 
previous survey. While many individuals 
contributed to this paper, special thanks 
are due Dr. A. C. Martin and Mr. R. D. 
Harris for help in organizing data and 
reviewing the manuscript. 

Interest in eelgrass on this continent 
dates largely from 1931-32, when vast 
beds disappeared along the Atlantic 
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coast. According to plant pathologists 
(Stevens et al., 1950) this mortality was 
“the most destructive in the history of 
plant pathology.” Accompanying this 
catastrophe was an alarming reduction 
in numbers of eastern brant and a 
noticeable slump in coastal fisheries, 
particularly in scallop production. In 
addition, there were drastic changes in 
bottoms of some bays where shifting 
sand replaced well-anchored organic soil. 

Thus, not until the early thirties, 
when eelgrass became scarce or practi- 
cally non-existent, was its importance 
fully appreciated. Since that time, the 
North American public has shown active 
interest in the species and its gradual 
recovery as indicated by numerous sur- 
veys and reports and by much specula- 
tion on causes of periodic 
declines. 

Besides its biological importance, eel- 
grass has many economic uses. Dried 
drift of the plant, as sometimes found in 
large windrows on beaches, has been 
used for sound-proofing, for insulating 
buildings and ovens, for feed and bed- 


cause or 


ding domestic livestock, and for com- 
post. Prior to 1931, some 5,000 tons of 
dried eelgrass entered into the United 
States market annually, besides. still 
larger amounts used locally along the 
coast. 

Though of greater importance, the 
biological and ecological significance of 
eelgrass is more difficult to appraise than 
its direct economic value. Besides the 
fact that extensive beds of the plant 
appear to have an important role in pre- 
venting turbidity and extensive shore 
erosion in coastal bays, it is recognized 
as valuable food for several kinds of 
waterfowl such as brant, Canada geese, 
seaup, and black ducks. In addition, it 
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is known that fish, mollusks, crusta- 
ceans, and many smaller, invertebrate 
forms of marine life teem within the 
meshes of its ribbon-like leaves and 
many of these organisms deposit their 
eggs on eelgrass. Following the plant’s 
decline, many areas that had been highly 
productive of scallops, other shellfish, 
and prawn, were largely deserted by 
these species. 

Before 1930, eelgrass constituted more 
than 80 per cent of the winter diet of 
eastern brant (Cottam, 1934b). With 
their staple food gone, large flocks 
wandered from place to place and many 
perished. A closed season was imposed. 
By 1935, when the first eastern brant 
census was made, the birds apparently 
had readjusted to a new diet and their 
populations had begun to increase. At 
that time a count of 22,400 was recorded, 
but just how low their numbers had 
dropped in years immediately preceding 
can only be guessed. Present brant popu- 
lations total about a quarter-million, 
which though considerably lower than 
estimated numbers in the early days, 
represents a good comeback. 

The loss of eelgrass beds appears not 
only to have decimated brant popula- 
tions but have altered their 
migration and diet. Formerly, the major- 
ity of this eastern species wintered in 
Pamlico Sound. Presently, only a small 
fraction of them migrate that far south. 
In many places along the coast, large 
flocks have resumed the traditional diet 
of eelgrass yet many others winter in 
bays in southern New Jersey where 
there has been little or no recovery of 
eelgrass. In the latter locations, the 
principal foods appear to be sea-cabbage 
(Ulva and Enteromorpha) and other 
algae. 
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CHRONOLOGICAL RESUME 

1854, 1889, 1894, 1908, 1913, 1915, 1917, 
1920-22: Dates of former disappear- 
ances of eelgrass as reported in the 
United States and Europe (Cottam, 
1934a, 1934b, 1935a, and Butcher, 
1941). 

1931-382. Catastrophic disappearanc® 
from Atlantic coast of North America 
and, about the same time, marked 
decline in western Europe. (Lewis, 
1932; Cottam 1933 a, b, and c). 

1934. Discovery of the parasite Laby- 
rinthula on eelgrass by Renn (1934, 
1936). 

1933-40. Rather slight and usually 
temporary recovery locally, as indi- 
cated by numerous surveys and re- 
ports; 1938, limited local decline noted 
on the Pacific coast where Labyrin- 
thula was also found (Young 1938b, 
Cottam 1939, Moffitt and Cottam 
1941). 

1940-44. Period characterized by fluc- 
tuations involving local recovery often 
followed by abrupt partial die-out. 

1944-50. Marked improvement gen- 
erally; in some localities the first 
noticeable recovery since 1931; plant 
still absent or scarce in many localities 
and probably not fully restored in 
any extensive area. 

1951-53. Greatest improvement noted 
thus far; complete or nearly complete 
restoration in a number of areas and 
marked recovery in most (but not all) 
others; a few large areas are still 
devoid of eelgrass or nearly so. 

CURRENT STATUS 
ATLANTIC Coast, NorTH AMERICA 
Of 14 Canadian areas examined, eel- 
grass was reported abundant in 8, com- 


mon in 3, scarce in 2, and absent in one 
in which it was formerly plentiful. 

Ungava Bay, Hudson Bay and James 
Bay—lIn the Ungava Bay region, eel- 
grass is unofficially reported from George 
River and Whale River. It was not 
found at the Koksoak River at Payne 
Bay and residents there are not aware 
of its presence. 

Eelgrass was found between Churchill 
and Fox Island east of Churchill in Hud- 
son Bay. Some specimens found in 1949 
had the symptoms of disease. In 1927, 
eelgrass was collected at Cape Jones 
and the northern part of James Bay. 
It has been reported from the Belcher 
Islands, Richmond Gulf and Povungni- 
tuk. Nothing is known of its former 
abundance in the northern regions. 

Newfoundland — Formerly abundant 
in all estuaries of Newfoundland, eel- 
grass has apparently not yet regained 
its former abundance but in most places 
it has become re-established. 

In three representative areas studied, 
eelgrass is now classed as common in the 
areas of Placentia (Avalon Peninsula) 
and Grand Codroy (west coast), but 
scarce along Smith’s Sound (Trinity 
Bay). 

Quebec — Reports from the north 
shore of the St. Lawrence estuary indi- 
cate that eelgrass is slowly recovering in 
most of the bays and inlets. Apparently 
this has not been the case at Ile Verte 
where it was formerly collected for com- 
mercial purposes. 

Prince Edward Island — Along Eg- 
mont Bay and the east coast of King’s 
County, eelgrass was classed as ‘‘abun- 
dant,’ thus showing a complete re- 
covery. Both areas are utilized by ducks, 
geese and brant in spring and fall. 

Nova Scotia—Along the coast of Cape 
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Breton Island, eelgrass was considered 
abundant at Louisburg, common with 
almost complete recovery at Port Morien 
and Mira Bay, and common with partial 
recovery at Lingam and Glace Bay. It 
is now abundant along the coasts of Yar- 
mouth, Shelburne and Queen’s Counties, 
in which are included Port Joli and Port 
L’ Hebert 
the Sable River. It is also abundant in 
Antigonish Harbour. Ducks and geese, 
but not brant, utilize this coastline par- 
ticularly in autumn and winter. 

New Brunswick — From Cape Tor- 
mentine to Ingonish, N. §8., and in 
Tabusintae Bay, eelgrass has recovered 
well. In Napisquit Bay in the 
Bathurst area it is classed as “‘ecommon”’ 


Harbours and the mouth of 


very 


showing partial recovery. In Napisquit 
Bay and 
brant are seen in spring and occasionally 


Tabusintae Bay, geese and 


in autumn. One of the surveyed areas of 
the New Brunswick mainland lies be- 
tween St. Stephen and St. John on the 
south coast and includes Chance Har- 
bour, Dipper Harbour, Musquash Har- 
bour, New River, Little Lepreau, Lep- 
reau and Mace’s Bay. Eelgrass is still 
absent from this area except for partial 
recovery at Musquash. Formerly the 
Musquash coastline supported an abun- 
dant supply. Geese and brant are seen 
at Mace’s Bay in spring but they appear 
to feed on other vegetation in the ab- 
sence of eelgrass. Grand Manan Island 
has abundant eelgrass and is a favorite 
spring stopping place for brant. 
Improvement of eelgrass beds in east- 
ern United States appears to have been 
about as pronounced and widespread as 
in eastern Canada, with no evident re- 
gional pattern. Whereas reestablishment 
is complete or nearly so in some bodies 
like Chesapeake Bay and upper Barne- 
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gat Bay, there has been only moderate 
recovery in many areas such as Casco 
Bay or Pamlico Sound. The plant is 
conspicuously from southern 
New Jersey, Chincoteague Bay, and 
other localities. 

Maine — Though marked 
ment has occurred in many places in 
this state during the past two or three 


absent 


improve- 


years, eelgrass is still far below former 
varying from 
searce to moderately abundant. 


absent or 
Pos- 


sibly greatest improvement has occurred 


prevalence, 


in the vicinity of Mt. Desert Island and 
in localities Whiting Bay. 
Partial recovery has occurred in much 
Bay. In the important 
waterfowl areas of Casco Bay and Mus- 
congus Bay and Boothbay Harbour, 
beds listed as medium 
abundant and improving. Likewise, in 
the Passamaquoddy-KEastport areas eel- 
grass is locally abundant in some areas 
but very scarce or absent in others. In 
the Machias-Jonesport-Millbridge sec- 
tions and also in the Kennebunkport- 
York area, eelgrass is still searce or 


such as 


of Penobscot 


are searee to 


widely scattered. 
New Hampshire 
had an abundant growth of Zostera and 


Great Bay formerly 


was a good waterfowl area. The plant 
shows encouraging improvement but is 
still far from its former degree of abun- 
dance. One bed of “grass” is reported 
to be growing vigorously and covers a 
plot a mile long. 

Massachusetts—In most bays of this 
state, eelgrass has improved appreciably 
during the past two or three years and 
now approximates 1/2 to 2/3 or more 
of its former growth. However, it is still 
scarce or absent in districts. 
Medium to abundant growth is present 
in some of the more open bays on Nan- 
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tucket and Martha’s Vineyard where 
little or no undiluted sea water occurs. 
Localities where eelgrass seems to have 
returned to its pre-1931 level include 
most of Vineyard Sound, Nantucket 
Island, Barnstable Harbour and Dux- 
bury, Pleasant, Lewes, Buzzard and 
Buttermilk Bays. In some of these areas 
the plant is so plentiful as to impede 
boat travel and hinder commercial fish- 
ing. Least improvement is reported in 
the Gloucester - PlumIsland - Newbury- 
port section, parts of which are devoid 
of eelgrass. 

Buttermilk Bay, in the upper part of 
Buzzards Bay, has provided a valuable 
local index of eelgrass recovery during 
the past quarter-century, due largely to 
observations made by Dr. Neil Stevens 
(Stevens, 1935, 1936, 1950). Findings in 
this bay are summarized chronologically 
as follows: 1930 and preceding years: 
“abundance”; 1931-32: “generally 
dead”’; 1933: No “. . . living eelgrass ex- 
cept some seedlings in local areas . . .”’ 
1935: “. .. a few patches near the mouth 
of Red Brook, the only considerable 
stream of fresh water entering the bay”’; 
1936: Patches became larger and several 
new ones appeared; 1946: “The year 
1946, a year of marked increase all along 
the coast, was the first year of really 
significant increase in growth of eelgrass 
in Buttermilk Bay”; 1950: “. . . very 
nearly reestablished itself at the pre- 
epidemic level in Buttermilk Bay’’; 
1953: (letter from Charles Wheeler): 
‘““.. dense growths and still spreading.”’ 

Rhode Island—This state shows sub- 
stantial improvement in eelgrass along 
practically all of its coast. In some places 
it is regarded as plentiful as before 1931 
but in a few areas it is still searce. Parts 
of Narragansett Bay have shown the 


least improvement while in Potters 
Pond area the growth is reported to be 
as abundant as ever. 


Connecticut—Though eelgrass is per- 
haps less abundant in this state than 
along most of the New England coast, 
the plant has shown encouraging im- 
provement. In a few coves and bays, 
notably Stonington Harbour, Mystic, 
Poquonock and Niantic Rivers, it is 
now regarded as abundant. Yet, in some 
adjacent areas beds are scarce or even 
non-existent. Kelgrass is said to be prac- 
tically absent near New Haven, Milford 
Harbour, Southport and Rowayton. 


Long Island, New York— While show- 
ing noticeable improvement recently, 
Long Island probably has undergone 
not more than a 15 to 20 per cent re- 
covery as compared with conditions 
prior to 1931. Great South and Shinne- 
cock Bays show the best recovery but 
conditions there are still far below early 
typical growth. Disease is still prevalent 
but not serious. Reestablishment on 
Long Island’s north shore is noticeably 
poorer than that on adjoining coastal 
areas. A few scattered stands occur in 
Peconic and Gardiners Bays, along 
Shelter Island and in Wading River. 
Recent plantings have been made in 
Jamaica Bay where the plant is now 
practically non-existent and it is to be 
hoped that conditions there will soon 
improve. For years following the original 
catastrophic die-off, Moriches Bay 
seemed to contain no vestige of eel- 
grass, but today it has sparse, widely 
seattered beds. Shinnecock Bay prob- 
ably now supports the largest single 
stand (several hundred acres) on Long 
Island. A few years ago, Mecox Bay 
had a good growth but the mouth of the 








454 


bay has silted over and eelgrass seems 
to be entirely wanting now. 

New Jersey—Excellent recovery has 
occurred in the northern part of Barne- 
gat Bay south to Barnegat Inlet. Less, 
but considerable improvement is evident 
southward in that bay. Unfortunately, 
however, from Little Egg Harbour 
southward to Cape May and along the 
coast of Delaware Bay, the plant is 
absent, or nearly so, in areas where it 
was once abundant. Recently, a few 
small widely-scattered clumps have been 
reported but the sites of former excellent 
beds in this area are characterized by 
shifting sand and masses of Ulva and 
Enteromorpha so reestablishment may 
be a slow, uncertain process. 

Delaware — At present, no known 
stands occur in the state. Recent plant- 
ings have been made in the most suitable 
habitat in Delaware Bay and Indian 
River where the plant formerly occurred. 

Maryland — This state’s deeply in- 
dented coast line provides a great variety 
of eelgrass habitat. Some of the first re- 
ports of eelgrass recovery came from the 
less saline waters of Chesapeake Bay 
and adjacent estuaries. In most of this 
area, the plant is now nearly as plentiful 
as it ever was, though in the past twenty 
years there has been much fluctuation 
in abundance. The disease is still in 
evidence, even where the plant is abun- 
dant. In a few areas such as the mouth 
of South River in Anne Arundel County 
it made a good return but later dis- 
appeared and as of October 1953 little 
growth could be found. Unfortunately, 
bays and coves in Chincoteague Bay 
are almost totally devoid of plant growth. 
Nor have planting attempts in this are: 
been successful. While the submarine 
topography may have undergone some 


JOURNAL OF WILDLIFE MANAGEMENT, VOL. 18, No. 4, OcroBER 1954 


changes, most of the bays and coves 
appear about as they formerly did except 
that turbidity seems to be more preva- 
lent and probably more ooze covers the 
tidal flats. 

Virginia—This state shows conditions 
very similar to those of Maryland. On 
most of the bay-side, and particularly 
at the mouths of rivers, the plant is 
abundant or moderately plentiful while 
on the ocean side it is still practically 
non-existent in areas that formerly sup- 
ported dense stands. 

North Carolina—In this state, eel- 
grass has not reestablished itself in any 
degree comparable to that of former 
years. In most of Pamlico Sound it may 
be about 50 per cent as plentiful as it 
was before the 1931 die-off. Following 
the decline of the early thirties, there 
was much shifting of bottom sands in 
Pamlico and Core Sounds and, on the 
landward (western) side, there still is 
considerable turbidity which may mili- 
tate against recovery. Nevertheless, the 
“grass” is reported as moderately abun- 
dant in most favorable bay areas. A fair » 
recovery has occurred even as far south 
as Bogue Sound and sparse growths are 
reported in Brown Sound of the New 
River estuary. This represents the south- 
ern limit of the range on the American 
Atlantic coast. 


Nortu America, Paciric Coast 


The eelgrass situation on most of the 
American Pacific coast probably has not 
changed greatly during the past century. 
Abundance varies markedly from local- 
ity to locality depending apparently 
upon a complex of ecological factors and 
local conditions. 

Alaska—Though eelgrass is undoubt- 
edly the most important coastal water- 
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fowl food for many of the choicest game 
species of Alaskan ducks and geese, its 
availability in different localities is 
highly variable, ranging from none to 
abundant. Almost no eelgrass is re- 
ported from Hooper Bay, Nelson Island 
area, although it was formerly said to 
be common or abundant at favourable 
areas along the Alaskan Peninsula. It is 
scarce to moderately abundant in vari- 
ous sections of the coast from the Gulf 
of Alaska to southeast Alaska. 

British Columbia—On the mainland 
opposite the lower end of Vancouver 
Island, from Jarvis and Sechelt Inlets 
to Ladner and Boundary Bay, eelgrass 
is present in a number of bays and inlets 
in amounts varying from scarce or com- 
mon to abundant. The latter area is one 
of the most important habitats for 
migrant brant in British Columbia. Re- 
duction in abundance appears to be 
limited to industrial areas, particularly 
those where saw-logs are stored for 
varying periods. Eelgrass is plentiful 
along the lower half of the east side of 
Vancouver Island, from Oyster River to 
Victoria. On the west side, it has been 
reported as abundant at Tofino, Alberni 
Inlet, and Tlupana Inlet at the east end 
of Nootka Sound. Northward, eelgrass 
has been reported abundant at Graham 
Island and Goose Island (Queen Char- 
lotte Sound) but absent at Ocean Falls 
and Alert Bay. 

Washington—Along the Washington 
coast, the plant seems to be in a reason- 
ably satisfactory condition with no ap- 
preciable change for years. In some areas 
oystering was believed to be doing some 
damage. Many areas were inspected and 
wherever conditions were favorable, eel- 
grass seemed to be doing well. At no 
bay nor cove where the plant could be 


~ 


expected to occur was it described as 
being scarce or absent. 

Oregon—Eelgrass seemed to be less 
abundant than usual along most of the 
Oregon coast. In Winchester and Ban- 
don Bays, it was considered rather scarce 
while at Tillamook it was described as 
scarce in some sections and common in 
others. At Coos Bay the plant appeared 
to be increasing and is now moderately 
abundant, as it also is at Nehalem Bay. 
At Netarts Bay, eelgrass was reported 
abundant. 

California — Along California’s tre- 
mendous coastline, eelgrass status was 
generally considered to be satisfactory, 
though locally, pollution, heavy rains or 
dredging have caused diminution of the 
plant. Only at Bolinas Bay was it re- 
ported scarce. Eelgrass was described 
abundant or moderately common in all 
other bays from which reports were re- 
ceived, namely: Bodega Lagoon and 
Bay, Fort Ross, Point Mugu and 
Tomales, Drakes, Morro, San Diego, 
and Mission Bays. 








EUROPE 


It is not the intent of this report to 
give a complete, up-to-date account of 
the eelgrass situation in Europe. How- 
ever, some indications which have been 
obtained will be recorded. 

Dr. R. W. Butcher of the Ministry of 
Agriculture and Fisheries (Fishery Labo- 
ratory) reported that in October 1953, 
the narrow-leafed form Zostera marina 
angustifolia “has increased again in sev- 
eral places, notably Strangford Loch in 
northern Ireland.’’ He added, however, 
that he has no record of it anywhere 
becoming as abundant as in the period 
before 1925. 

Dr. Douglas P. Wilson, zoologist of 
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the Marine Biological Association of the 
United Kingdom at Plymouth, England 
wrote on September 25, 1953 that in the 
estuaries and shores of Devon and Corn- 
wall, ‘Zostera marina has recovered a 
little here and there in recent years, but 
the beds are still small compared with 
what they used to be before 1931. 
Moreover the leaves still do not grow 
larger than about a metre with a maxi- 
mum width of 5 or 6 millimeters; in 
many localities they used to reach about 
twice these dimensions.” 

Peter Scott of the Severn Wildfowl 
Trust, Slimbridge, Gloucestershire wrote 
in November that ‘there has been a 
considerable return of Zostera in most 
of the estuaries from which it disap- 
peared in the 1930’s. In some, however, 
rapid erosion followed with the result 
that tidal conditions are no longer suit- 
able. But from the point of view of 
waterfowl food the situation is not so 
good as it was before, because whereas 
previously the large species, Z. marina 
was the commonest, this is now quite 
rare and the two other forms—nana and 
angustifolia have taken its place. These 
do not produce so luxuriant a growth 
and so the bulk of the food is substan- 
tially reduced.’”’ He added that the light- 
bellied sea brant ( Branta b. hrota) seems 
to have made a slight recovery, but was 
doubtful that any improvement had oc- 
curred in the dark bellied form (B. b. 
bernicla). 

Dr. Edwin L. Parish of Hillerest Gar- 
dens, Surrey, England concluded that 
in some areas along the coast, there had 
been some improvement. 

From France, Dr. Robert Lami of the 
Museum National D’Histoire Naturelle 
reported in late October 1953 that in 
some places where eelgrass beds formerly 
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occurred, the soil had been washed away 
leaving only coarse sand or gravel and 
making a return of Zostera to dominance 
impossible. Dr. Lami doubted that 
Zostera marina would return to sections 
of the coast where erosion had been less 
pronounced since Z. nana which was 
largely unaffected by the disease, had 
occupied the space formerly held by 
Z. marina. In the vicinity of Paimpol, 
especially near Iles Bréhat, there has 
been little recovery and areas of 10 
hectares now remain as bare mud. In 
the region of St. Malo, despite the com- 
petition of Z. nana, there has been a 
three- or four-fold increase in abun- 
dance of marina since 1949. Dr. Lami 
believes that Z. marina is dominant and 
spreading in the English Channel area 
but in most other sections of the French 
coast there are no positive signs of 
restoration of the plant. 

Dr. Lami observes marked changes in 
the littoral fauna following the drastic 
reduction of eelgrass. Seallops and 
shrimp were almost eliminated and the 
birds, especially geese, have been forced 
to alter their feeding areas and migra- 
tions. 


New INFORMATION ON ENVIRONMENTAL 
CONDITIONS 

Recent correspondence has shed new 
light on the extremely varied conditions 
under which eelgrass grows in different 
places. It would seem that such infor- 
mation may be needed for full under- 
standing of the plant’s periodic declines 
and recoveries. 

Ordinarily, eelgrass is found at depths 
varying from about 10 feet to complete 
emergence at low tide. In 1947, how- 
ever, Dr. Carl Hubbs of the Scripps 
Institution of Oceanography reported 
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(in correspondence of July 30, 1947) 
finding the plant at almost incredible 
depths off the coast of southern Cali- 
fornia. He and his associates located 
“beds in the lee waters of the following 
islands: Santa Cruz, South Coronado, 
San Martin, Guadalupe, Cedros. At 
South Coronado Island, Zostera came 
up in dredge hauls at 5, 6-7, and 7-8 
fathoms. At Guadalupe, at 9.5-19, 10-17 
and 10-23 fathoms.” 

Dr. Hubbs continued, ‘‘For months 
we kept finding plants of Zostera marina 
‘var. latifolia’ washed ashore here near 
La Jolla and we see them also at San 
Diego Harbour entrance. We finally 
located the bed in La Jolla Bay and 
have explored it by diving. There is : 
dense meadow 40 to 50 feet deep drop- 
ping to 60 feet over the brow of the 
La Jolla Submarine Canyon. On the 
slopes of the canyon our diver (Frank 
Haymaker) reports patches and small 
beds to depths of at least 100 feet. All 
southern bay forms are narrow-leaved. 
I think that a genetic difference is in- 
volved.”’ Concerning the related surf- 
grass or rockgrass (Phyllospadix) Dr. 
Hubbs reports “dense meadows in La 
Jolla Bay growing in the ocean to at 
least 20 feet’? and he adds that Hay- 
maker has found clumps growing as 
deep as 60 to 70 feet. 

Hubbs concluded that “certainly fac- 
tors other than Labyrinthula affect 
Zostera adversely. With some ups and 
downs the Mission Bay stands have 
held up, and the slopes of the new sand 
islands show some establishment. In 
polluted San Diego Bay, in contrast, 
eelgrass has all but disappeared.” 

Dr. Hubbs’ notes on depths are also 
important as distribution records. Cedros 
Island is nearly 40 miles off the coast of 


Baja California at about 28°N. latitude 
while Guadaloupe Island is nearly 200 
miles out at about 29°N. latitude. 

In the same general region, eelgrass 
has been reported (Steinbeck and Rick- 
etts, 1941) as far south as Agiopampo 
Lagoon on the east side of the Gulf of 
Lower California. This is about 26°N. 
latitude and over 500 miles south of 
known southern limits in California. 

Though northern limits of eelgrass on 
the continent are not clearly defined, 
reports of its occurrence have come from 
several subarctic areas. Beds are not 
only known to be present in Hudson 
and James Bay, southern Greenland 
and Labrador but also, according to 
correspondence from Dr. Hazel Ellis 
Loomis, recent reports of eelgrass have 
come from as far north as Frobisher 
Bay (62°N. latitude), George River 
(about 59°N. latitude) and the Foxe 
Basin, north of the Arctic Circle. 

Eelgrass generally is considered a 
cool-water plant that grows and re- 
produces within a relatively narrow 
temperature range. In Setchell’s (1929) 
monograph on Zostera, vegetative growth 
is reported as occurring largely in water 
temperatures of 10° to 15°C. and seed 
production from 15° to 20°C. Setchell 
concluded that all activity ceased at 
20°C. and that appreciably higher tem- 
peratures were fatal to the plants. The 
validity of these temperature limitations 
for growth and reproduction appears 
doubtful because of the plant’s sur- 
prising variations in water depth and 
wide range in this hemisphere, from 
northern Hudson Bay, Labrador and 
Greenland to southern North Carolina 
and Mexico. It would appear that if our 
concept of low temperatures in northern 
Hudson Bay and Greenland approxi- 
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mates accuracy, Setchell’s limits on re- 
quired water temperatures for eelgrass 
growth and flowering should be lowered 
considerably. Furthermore, eelgrass beds 
in areas of great tidal variation must be 
subject to abrupt and rather wide ranges 
of temperature variation. Addy and Ayl- 
ward (1944) found plants in the Ipswich 
River estuary of Massachusetts, flower- 
ing and fruiting heavily in rather cold 
sea water which attained a temperature 
as high as 14-15°C. only for short 
periods during low tide. Upstream, dur- 
ing the fruiting period, they commonly 
found water temperature as high as 
24 or 25°C. and concluded that the aver- 
age daily temperature probably was 
above 20°C. Other eelgrass fruiting areas 
showed water temperatures of 17° to 
26°C. 


TRANSPLANTINGS 
Present trends and past history give 
encouragement that in time Nature will 
restore eelgrass on our Atlantic coast 
wherever environmental conditions are 
Evidence seems to indicate 
turbidity, 


favorable. 
that shifting 
erosion, pollution, encroachment by in- 


bottom soil, 
dustry, unfavorably soft or sterile sandy 
bottoms, or other adverse physical or 
ecological conditions have prevented re- 
establishment of the plant in many areas 
where it once grew in profusion. Some 
of these conditions, notably erosion and 
turbidity, were aggravated by the previ- 
ous disappearance of eelgrass. Attempt- 
ing to transplant or seed eelgrass into 
such places is very likely to prove futile, 
particularly since widespread propa- 
gative materials distributed by nature 
fail to accomplish reestablishment. While 
at times and under favourable condi- 
tions experimental planting of healthy 
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eelgrass may be advisable, it should be 
reported that extensive attempts at 
planting by personnel of several states, 
the Fish and Wildlife Service and a few 
private individuals and agencies, have 
not been satisfactory. Rootstocks and 
seeds of both Atlantic and West Coast 
stock were planted under many different 
conditions and procedures for planting 
were carefully worked out by Addy and 
others (Addy 1947 a and b; Addy and 
Aylward 1944; Addy and Johnson 
1948). Unsuecessful plantings occurred 
in coastal waters of Massachusetts, 
Rhode Island, Connecticut, Long Island 
(N.Y.), New Jersey, Delaware, Mary- 


land, and Virginia. 


CAUSE OF DECLINE 


Many theories have been advanced 
to explain the abrupt and almost com- 
plete loss of eelgrass in 1931. Most of 
them have been discarded because they 
related to localized effects such as winter 
killing, high summer temperature, high 
salinity, wave action, silting, destruction 
by feeding waterfowl, by commercial 
fishing, dredging, turbidity, pollution, 
or competition with plant invaders. 

Among factors more seriously con- 
sidered have been bacterial 
(Lami 1935), fungus or fungus-like 
organisms (Renn 1934 and 1936, Mounce 
and Diehl 1934, and Young, 1938 a and 
b), environmental factors (Lewis 1932, 
Stevens 1939), and periods of wide- 


disease 


spread drought or excessive precipita- 
tion (Martin 1954). Lami’s early con- 
that a bacterium the 
causative organism could not be dupli- 
confirmed. There 
question but that the mycetozoan 
Labyrinthula is associated with the 
wasting disease but it is far from clear 


clusions was 


cated or seems no 
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why this organism suddenly became 
active and why it affeets only particular 
strains of the plant in certain oceans. 
Stevens indicated that past periods of 
eelgrass scarcity were timed rather 
closely with changes in solar cycles and 
Martin gives convincing evidence that 
declines have been associated either 
with widespread drought or excessively 
heavy precipitation. 

At present it appears that there is no 
complete and satisfactory explanation 
fitting the extremely varied circum- 
stances under which eelgrass grows. 
Nor is there definite understanding of 
the relationship which environmental 
factors may have on the epidemic in- 
creases of Labyrinthula. These unsolved 
phases of the eelgrass problem remain 
for future study. 


SUMMARY 


The 1953 survey of eelgrass status in 
the United States and Canada included 
more extensive coverage and a greater 
number of locality reports than any 
previous reconnaissance. On the eastern 
coast of the continent eelgrass is still 
considerably less abundant than prior to 
1930. However, there has been marked 
improvement in many areas, particu- 
larly in the past few years. Its present 
status varies locally from absent or 
scarce to abundant. In a few places 


~such as Chesapeake Bay, conditions ap- 


proximate those prevailing before the 
1930 decline. On the Pacific coast, eel- 
grass status has remained fairly stable. 
Reports from Europe indicate that ex- 
cept for the English channel area, 
Zostera is still below former abundance 
on British and French coasts but is 
improving. 

Rather surprising variations in en- 
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vironmental conditions of eelgrass have 
come to light recently. One relates to 
depths at which beds of the plant have 
been discovered along the coast of south- 
ern California. Sea divers located eel- 
grass at depths exceeding one hundred 
feet, some of the beds being located near 
islands about 200 miles from the coast. 
The other remarkable factor on which 
new information is available is the 
plant’s tolerance of great geographic 
and temperature range. Recent reports 
of eelgrass occurrence in areas north of 
the Arctie Circle (Frobisher Bay and 
Foxe Basin) as well as from semi-tropical 
habitat in Mexico (Gulf of Lower Cali- 
fornia) suggest that temperature limits 
indicated by Setchell (1929) may need 
to be revised. The extremely varied en- 
vironmental conditions under which eel- 
grass lives are significant to an under- 
standing of the plant’s ecology and must 
be taken into account in any efforts to 
explain its decline and recovery. 
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A substantial amount of work has 
been done in North America in estimat- 
ing fresh-water fish populations; but to 
date the emphasis largely has been upon 
lakes, ponds, and upon trout streams or 
small warm-water streams. Relatively 
little attention has been given to larger 
rivers, partly because they present 
greater difficulties. 

To the fishery manager, estimation of 
the fish population of a given body of 
water is fascinating, because it both 
satisfies his scientific curiosity and chal- 
lenges his resourcefulness, and it is useful 
since it provides an inventory of stock 
on hand. 

Population estimation depends upon 
counts, either of the total population or 
of samples. Except in the comparatively 
rare instances in which counting can be 
done in situ by direct observation, 
counts depend upon capture or confine- 
ment. Most of the devices in present use 
‘for estimating populations are adapta- 
tions of devices long used to capture 
fish for food or sport, and some of them 
date back to the beginnings of civiliza- 
tion. The almost sole exceptions are the 
electro-fishing devices which are of re- 
cent origin. 


1Contribution of the Iowa Conservation 


Commission and the Upper Mississippi River 


Conservation Committee. 


CHARACTERISTICS OF RIVER 
POPULATIONS 

Fish populations of rivers show many 
differences from those of lakes or small 
creeks. One of the most important dif- 
ferences from the standpoint of popula- 
tion enumeration, lies in the difficulty 
of establishing boundaries. Often it is 
difficult to determine where a river be- 
gins or ends. Does it include only the 
main stream or does it take in tribu- 
taries, side channels, connecting lakes 
and sloughs, and lakes and reservoirs 
into which the stream may empty or 
through which it may flow? 

The fish population may appertain 
not to the stream alone but also to con- 
necting waters. An obvious example is a 
stream containing anadromus or cata- 
dromous fish. Fresh-water fish pass be- 
tween a stream and its tributaries or the 
lakes with which it may be connected. 
For instance, a population of small- 
mouth bass might be considered to 
“belong to” either the river in which 
they spend the winter or the tributary 
stream into which they ascend to spawn, 
or to both. 

Thus fish movement is a factor of 
consequence. [ven if a stream possesses 
definite boundaries, without immigra- 
tion or emigration of fish, the great 
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amount of movement from one part of 
the stream to another often presents a 
problem in making fish population esti- 
it times, this move- 
aid in the 
technique of making counts or securing 


However, : 
actually be an 


mates. 
ment may 
samples, as in the use of weirs and fish 
ladders. It is almost out of the question 
to bring to hand the entire fish popula- 
tion of even a fair-sized stream (e.g., by 
poisoning or drainage), as sometimes 
may be done with a small lake or creek. 
Since total population estimation by 
random sampling implies an even space 
distribution of the population, serious 
errors can be caused by non-random 
movement of the fish. These errors can 
be reduced by stratifying the sample to 
include the various ecological habitats 
present in the sampling area. 

A good deal is known and has been 
written concerning the movements of 
fresh-water fish. Factors involved in the 
movement may include the seeking of 
better feeding grounds or spawning terri- 
tory, current, fluctuating water stage, 
temperature, light, dissolved gases, the 
chemistry of the water, and sometimes a 
seemingly inexplicable restlessness. 

Recapture of fish marked by tags or 
mutilation offers a convenient method 
for studying movement. Two principal 
disadvantages are that usually only a 
small proportion of the marked fish are 
recovered and the localities of release 
and recovery show only the net travel 
and give no clues as to the intermediate 
movements. Nevertheless, in the many 
mark-and-recovery studies that have 
been made, much useable information 
has been obtained. Thompson (1933) 
carried out an extensive tagging pro- 
gram on several large streams in []linois, 
including the Illinois and Mississippi 


JOURNAL OF WILDLIFE MANAGEMENT, VoL. 18, No. 4, OcroBEeR 1954 


Rivers. He found several species, such 
as buffalo, white bass, black and white 
crappies, freshwater drum, and flathead 
catfish, to be definitely adventitious 
upon occasion. 

Seaman (1948) and the Upper Mis- 
sissippi River Conservation Committee 
(UMRCC, 1950a) both stated that 
tagged channel catfish showed consider- 
able movement in rivers. However, the 
fact that many of these fish were re- 
leased in locations other than where 
they were captured may have been a 
contributing factor. Harrison (195la) 
reported that when channel catfish were 
released at the site of capture, they 
tended to remain in the release vicinity. 

Gerking (1950) found many stream 
fishes, especially several centrarchids, 
to remain rather stationary, at least 
throughout a summer’s time, and Scott 
(1949) states that his study populations 
of rock bass, in streams in Indiana, were 
more or less sedentary. 

The so-called spawning migration or 
movement to and from the spawning 
grounds of many fish species has long 
been recognized, even though not all 
physiological ramifications are under- 
stood. This movement is definitely sea- 
sonal, with the possible exception of 
that of the eel which takes so long to 
make the journey that the seasonal effect 
is partially ruled out. Shetter (1938), in 
studying a marginal trout stream in 
Michigan and using a two-way fish trap, 
found that the white sucker, the small- 
mouth bass, and the northern pike had 
two definite movement periods, one in 
April-May, and the other in September- 
October. and Bennington 
(1939) were able to show similar move- 


Bangham 


ment periods in smallmouth bass and 
white sucker populations of a small 
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stream in Ohio. In both of these in- 
stances movements may have been con- 
nected in part with spawning activities 
and in part with feeding habits or physi- 
eal or chemical characteristics of the 
stream. 

The exact or primary cause of move- 
ment cannot always be assigned defi- 
nitely. In a study area of the Upper 
Mississippi River, the UMRCC (1950b) 
found that large trap net and hoop net 
eatches (which usually are correlated 
with fish movement) coincided with 
spawning activities of smallmouth buf- 
falo, flathead and channel catfishes, and 
river carpsucker. However, the report 
also stated that a sharp drop in water 
stage coincided with a large influx of 
backwater species into the nets. Workers 
in Iowa (Tate, MS; Cleary, 1950) have 
found that smallmouth bass moved into 
feeder streams on a spring rise and back 
down into the main river on a continuous 
falling stage. It is hard to tell to just 
what extent the movement was condi- 
tioned by spawning urge and to what 
extent by change in water stage. 

Another factor that may influence 
fish movement is water temperature. 
The data presented by MeLeod and 
Nemenyi (1940) indicate that certain 
species of fish in the Iowa River were 
more likely to use a fishway when water 
temperature was above 65° F. However, 
‘heavy runs in the fishway also coincided 
with rises in water stage. Harrison and 
Speaker (1950), working with a fishway 
in the Des Moines River, found that 
more fish entered the trap during stage 
rises than with stable water levels, even 
though a temperature drop to 60° F. or 
below accompanied most stage rises. 
These two studies taken together, sug- 
gest that change in water stage may be 


a more important factor than water tem- 
perature in motivating fish movement. 

The UMRCC (1948a) reported a 
strong movement of fish under the ice, 
apparently brought about by reduction 
of light by snow cover. The movement 
was two-directional at the connection 
between the river and a side lake. As 
Thompson (1933) and many others have 
pointed out, fish may be induced to 
move by a number of causes connected 
with chemical characteristics of water, 
such as changes in dissolved oxygen or 
free carbon dioxide tensions or presence 
of pollutional materials. These move- 
ments may be cyclic or spasmodic, de- 
pending upon the causative factors. Be- 
sides these various non-random move- 
ments there may be considerable random 
or aimless wandering. 

The homogeneity of the fish popula- 
tion of a river is disrupted by habitat 
preference. The presence of a food sup- 
ply or shelter or suitable physical con- 
ditions, such as water depth or current, 
may cause the fish to congregate in cer- 
tain places for varying periods of time. 

A preference for any given bottom 
type has not been established for all 
river species; although certain fishes 
such as the darters are known to live 
best on or over special kinds of bottom 
material. Allen and Clark (1943) show 
that in a northeast Kentucky stream 
most species of fish were found over sand 
or gravel, but they qualify this conelu- 
sion by stating that the preference may 
be for current, rather than or in addition 
to, a type of bottom. Thompson and 
Hunt (1930) and Gerking (1949) found 
no correlation between bottom type and 
standing crop of stream fish. Gerking 
indicated that water depth and current 
are more important than kind of bottom. 
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Miller (1945) ran hoop nets in four 
distinct localities of the Wheeler Reser- 
voir. Nets set in the tailrace of the up- 
stream dam caught the most fish, but 
over 90 per cent were black and white 
crappies. The middle reach of the im- 
poundment, where current was still ap- 
parent but where the river overflowed 
its banks to form large shallow back- 
waters, had the second highest catch 
and a striking diversity, with from 14 to 
20 more species than were found in 
other areas. These data indicate that 
the best combined qualitative and quan- 
titative sample is to be found in the 
transition reach of impounded streams. 
Eschmeyer (1944) noted that a migra- 
tion of fish to the tail waters may be of 
sufficient magnitude to alter decidedly 
the composition of fish population in a 
reservoir, indicating that a truer quanti- 
tative and qualitative picture can be 
after 
have abated. 

On the whole, a large river probably 
contains a less uniformly distributed fish 


obtained these ‘‘trailrace runs” 


population and a less stable one, in any 
given locality, than does either a lake 
or a small stream. Thus, it is extremely 
difficult to make a quantitative popula- 
tion estimate of the entire river, or even 
of a sizeable stretch of it, by sampling 
random localities at random times, un- 
less a formidably large number of sam- 
ples is taken. The task is made all the 
more difficult by the fact that 
known sampling devices do not take a 
non-selective sample even in the im- 
which they are 


most 


mediate locality in 
operated. 

Finally, it must be taken into con- 
that the total population 
changes from day to day, season to sea- 
Recruitment 


sideration 


son, and year to year. 


JOURNAL OF WILDLIFE MANAGEMENT, VOL. 18, No. 4, OcTOBER 1954 


comes about by the hatching of young, 
ingress, and by artificial stocking. Re- 
moval is by angling, commercial fishing, 
predation, death by natural and un- 
natural causes, and exodus into con- 
necting waters. These factors are dis- 
cussed in papers by Ricker (1948), 
Mottley (1942), DeLury (1947), and 
others. 
“COMPLETE”? COUNTS 

It is convenient to separate popula- 
tion estimates into those which are based 
upon supposedly random samples, each 
sample containing a fairly small portion 
of the total population, and those which 
are actual counts of all or nearly all in- 
dividuals in the population. Since many 
of these counts are known to be or sus- 
pected of being incomplete in varying 
degrees, the word “complete” may well 
be set in quotation marks. Even so, 
there is a firm distinction between the 
two general classes of estimates. 

In the main, devices for making total 
counts of populations described in this 
section are much more capable of being 
used in lakes and small streams than in 
larger rivers. The physical nature of a 
large stream usually precludes bringing 
to hand the entire fish population, except 
in special instances, such as the counting 
of fish at a fishway during spawning 
migration. However, the idea of a total 
count may be applied to a given portion 
of a stream. This portion then becomes 
a whole, in a sense, and may even be 
considered a “body of water.”’ For in- 
stance, a section of a stream is blocked 
off and a population count made with 
an electric shocker. Probably this count 
should more properly be considered a 
complete enumeration of the population 
of that stream section rather than a ran- 
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dom sample of the entire stream’s popu- 
lation. 

Diversion of water, with drainage of 
the stream bed, may be employed for 
stream sections or for entire small 
streams. This technique was used early 
in stream work in the United States by 
Embody (1929), who diverted a trout 
stream and counted the fish trapped in 
the old channel. Needham et al. (1945) 
periodically made population estimates 
in a trout stream by diverting the water 
and pumping remaining pools. 

Embody (1940) experimented with 
cresol to narecotize the fish in a section 
of stream. This method is practicable 
only in small clear streams. It is neces- 
sary to make a careful preliminary cal- 
culation of flow and volumes. The 
stunned fish do not always float and 
often remain unnoticed in hiding places. 
Chemicals other than cresol might be 
more effective. 

In situations where it is permissible 
to destroy the fish in a stream or a given 
section of stream, rotenone or other fish 
poisons may be used. For example, 
M’Gonigle and Smith (1938) used derris 
to clean out possible disease-bearing fish 
in a hatchery supply-stream and availed 
themselves of the opportunity to make 
counts of the killed fish. Other workers 
since, have employed like methods. 
Eschmeyer and Clark (1939) poisoned 
blocked-off sections of two small streams 
and reported fish counts. Needham and 
Rayner (1939) pumped sections of a 
trout stream practically dry and _ poi- 
soned the remaining pools. Shetter and 
Leonard (1943) combined diversion, 
seining and poisoning on a section of a 
trout stream. 

All of these techniques are largely ex- 
perimental and the work and time in- 


volved prevent them from becoming 
very practical procedures. Their use is 
limited to small streams or sections of 
streams. If poison or a narcotic is used, 
precautions must be taken to prevent 
damage in waters below the experi- 
mental area. Incidentally, poisoning by 
stream pollutants may provide oppor- 
tunity to make fish counts. The accuracy 
of such counts may be open to question 
since it is not always known if entire 
population appears in the sample. 

At present, the most generally effec- 
tive method of obtaining counts of the 
entire population of sections of a stream 
or the whole of a small stream, is the 
electric “shocker.”’ This device has been 
used extensively and its merits and dis- 
advantages have been discussed by 
several authors. Its use is mainly con- 
fined to small, relatively shallow, clear- 
water streams. Most of the pioneer work 
in the United States was accomplished 
with an alternating-current generator, 
whereas at present many states are ex- 
perimenting with direct-current shock- 
ers, and report that in the main they 
prefer this latter method (Omand, 1950; 
Pratt, 1952). Rayner (1949), in pointing 
out some advantages of a D.C. over an 
A.C. machine, states that the effective 
range is slightly less with direct current, 
but because the stunned fish are at- 
tracted to the positive pole or grid, the 
collecting of fish is more efficient. His 
experiments show that interrupted or 
pulsating direct current draws fish from 
hiding places better than continuous 
direct current. Smith et al. (1949), Has- 
kell (1940), Stefanich (1952), and others 
have worked on complete standing crop 
estimation in trout streams, using an 
alternating-current shocker. They re- 
port that streams up to 50 feet wide, 
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with holes eight feet in depth, were 
sampled successfully. 

Funk (1949), working on warm-water 
streams with an electric shocker, found 
that turbidity was the main limiting 
factor. In addition the method is effee- 
tive only in relatively narrow and shal- 
low streams; efficiency varies with chem- 
ical content of the water; and the method 
is potentially dangerous to operators. 
The results were better with large fish 
than with small ones. Joeris (1949) re- 
ported that an electric seine functioned 
best in clear water less than four feet 
deep, and that without a blocking seine, 
fish moved ahead and out of the stun- 
ning range of the electrodes. 

There is the possibility that a seine 
current 
hiding 
concentrated 


or series of grids with direct 
attract fish 
and hold 
around the positive poles. This pro- 


would from their 


places them 
cedure would tend to minimize effects 
of turbidity. 


IESSTIMATIONS FROM SAMPLES 


Since it usually is difficult to obtain 
a count of total fish populations of a 
stream, resort must be made to an esti- 
mation based upon population samples. 
very effort must be made to insure 
that samples are as numerous and as 
representative of the population as pos- 
The 


achieve 


sible. latter condition is hard to 


because of non-uniformity of 
habitat and of population. It is exceed- 
ingly difficult to sample all of various 
ecological situations that may occur in 
a large stream. Nor is it easy to be sure 
that samples are truly representative of 
the popuiation in a sampled area be- 
cause almost every available sampling 
method is known to be more or less se- 
lective as to species or size of specimens, 
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Once samples have been secured, pop- 
ulation estimation becomes a matter of 
mathematical procedure. DeLury (1947) 
gives a discussion of basic statistical 
theories with applications to fish popula- 
tions. Mottley (1942) presents statistical 
techniques with some hypothetical ex- 
amples applying to Ricker 
(1948) summarizes mathematical equa- 
tions involved and cites numerous prac- 


streams. 


tical examples. Considerable discussion 
has been published concerning the esti- 
mation of stocks of certain commercial 
fisheries in Europe and in the Pacific 
Northwest of North America. 

One of the simplest devices for sam- 
pling a river and one used in some of 
the early population estimation work 
as well as in much qualitative sampling 
is a drag seine. Hoover (1938), working 
on small trout streams, blocked off por- 
tions, and with drag seines and a large 
crew attempted complete removal inside 
blocked-off areas. The operation called 
for removal of the most obvious obstrue- 
tions to seining. Using the mark and 
recapture method plus dynamiting as a 
check on seining efficiency, he found 
that the seine captured from 70 per cent 
to 100 per cent of fish present in an area, 
depending upon the number of obstrue- 
tions. Gerking (1949) arrived at a figure 
of 88 per cent efficiency for the drag 
seine in a small warm-water stream in 
Indiana. 

Despite the high seining efficiencies 
in these operations and the theory that 
the seine is relatively non-selective (ex- 
cept that capture of small fish is limited 
by mesh size), the technique is of ques- 
tionable worth when applied to most 
rivers. Uneven current and 
obstructions combine to reduce accuracy. 
Eseape actions of fish running the wings, 


bottoms, 
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forcing the lead line, jumping over the 
cork line and burrowing in mud (Car- 
lander and Lewis, 1948) reduce the effec- 
tiveness of this technique even in areas 
having favorable physical features for 
seining and where reasonably good sam- 
ples can usually be taken. 

Seining winter concentrations under 
in large 
holes, sometimes gives an apparently 


ice, usually behind dams _ or 


quantitative sample. However, in Iowa, 
annual checks at the same station have 
resulted in a heavy catch of buffalo one 
year, crappies the next, and catfish the 
third year, It is believed that the chang- 
ing specjes dominance was caused by 
one species occupying the concentration 
area in advance of another and remain- 
ing there for the winter, or that several 
species move in and out of the area 
during winter. 

Relatively short, small-meshed seines 
have been used extensively for taking 
samples of populations of stream fishes. 
In many instances, the primary purpose 
of the sampling is to ascertain simply 
the presence or apparent absence at a 
sampling station of various species and 
the results used to compile data on dis- 
tribution. Often, however, the numbers 
taken at various localities can furnish a 
clue to relative, if not absolute, abun- 
dance. 

A surface trawl, which may be con- 
sidered to be a specialized type of seine, 
has been tried out in tidal rivers by 
(1952). However, it 
was used more or less deliberately in a 


Massmann et al. 


selective manner to sample young fish. 
The UMRCC (unpublished) fished a 
small-mesh trawl experimentally on a 
fairly deep river bottom, but the eateh 
was not intended to be quantitatively 


representative of the river as a whole. 


Passive fishing devices in which fish 
entrap or entangle themselves include 
various kinds of throated nets, 
wooden traps, gill nets, and trammel 
nets. With the exception of the gill net 
and trammel net, which may be floated 
with the current or sometimes dragged 
in the manner of a seine, entrapment 
devices are set in fixed positions. 

Although the gill net has been used 
extensively as an experimental device 
in large and small lakes, little has been 
written on the effectiveness of trammel 
or gill netting in flowing water. The 
UMRCC (1948b) reported that in its 
test netting the gill net proved highly 
selective as to species and size, a state- 
ment generally concurred with by users 
of gill nets. Deep-bodied fish, such as 
the centrarchids, have a low catch coef- 
ficient. Moyle (1950), discussing the 
effectiveness of gill-net sampling in 
Minnesota lakes, stated that “the size 
of the gill net catch is a product of the 
size of the population sampled and the 
movement of the fish making up the 
population.”’ This statement is true of 
any passive fishing device. Trammel net 
sets and floats were found by Barnickol 
Starrett (1951) to be 
selective. 

It is almost impossible to hold tram- 
mel nets or gill nets in place in swift 
water, and even if they are set in slowly 
running water, they may clog up with 
debris. When such nets are drifted, the 
operation is hindered by snags or rocks 


wire or 


and species- 


except in main channels of large rivers. 

Common names for webbed traps vary 
from area to area. The following discus- 
sion will use names standardized and 
described by the UMRCC (1946). In 
experimental netting work in the north- 
ern section of the study area, the UM- 
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RCC (1948b) found that hoop nets took 
large numbers of commercial (“‘rough’’) 
fish, but their catch was conditioned by 
location of sets. Basket traps caught 
catfish almost exclusively, while trap or 
frame nets took most species except 
sturgeon 
efficiency. Being equipped with a shore 
lead, the trap net is difficult to fish in 
swift water. For this type of environ- 
ment, the UMRCC suggests the use of a 
plain hoop net (‘buffalo net’’). 

Seott (1949) found that 
clear stream, hoop nets were more effec- 
tive than wire traps and that the wing 
net’s efficiency was greatly impaired by 
trash lodging against the wings. Miller 
(1945) reported that hoop nets set in the 
tailrace of a dam failed to catch propor- 
tionate numbers of white bass, sauger, 


shovelnose with considerable 


in a small, 


largemouth bass, and gar which were 
known to occur in large numbers in the 
race at certain times of the year. Hansen 
(1944), stated that between 30 and 40 
per cent of Jargemouth bass taken in 
hoop nets with finger throats and wings 
were known to escape in a 24-hour 
period. It is fairly certain, also, that a 
hoop net or other webbed trap will not 
catch fish in strict proportion to the time 
it is set; i.e., it may take in one day 
more than half as many as in two days 
and so forth. Therefore, if catches are 
to be compared with those in other 
bodies-of water, it is suggested that a 
standardized length of time be used be- 
lifts of the net. A 
period is 24 hours. 
Working in a large river in Alabama, 
Seott (1951) found that hoop nets and 


tween convenient 


wire baskets were equally effective in 
some areas but that both were inefficient 
types of 


in others. These gear 


found to work best in quiet water. Hoop 


were 
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nets and wire baskets were compara- 
tively ineffective in taking blue catfish 
and gizzard shad. A permanent weir 
and trap took blue catfish in good num- 
bers, but failed to show heavy popula- 
tions of flathead and channel catfish 
found in the immediate area in a subse- 
quent poisoning operation, thus indi- 
‘ating a lack of movement in the latter 
two species. 

Workers investigating eastern Iowa 
streams, as well as the field men of the 
Upper Mississippi River Conservation 
Committee, have found the trap net, 
despite its limitations, to be the best all- 
around method of taking qualitative 
and quantitative samples of fish in large 
streams. The use of steel stakes permits 
the net to be fished over any bottom 
except bedrock; and moderately swift 
water can be fished by a diagonal set. 
This gear is relatively inefficient during 
a flood or after leaves begin to drop in 
the fall, as nets are either torn out or 
plugged with trash. Hoop nets without 
leads, frames or wings can be fished in 
deep water with a fair current, but they 
are highly selective, taking predomi- 
nantly catfish and suckers. Occasionally 
centrarchids and carp are taken in these 
but their numbers are far from 
indicative of actual populations. These 
nets can be fished with or without bait. 
Baited nets are more effective during 
stable water conditions and in the fall, 
but during spawning seasons or during 
stage rises, unbaited nets seem to work 
equally well. Harrison (1951b) found 
that during spring when water was cool 


sets, 


and water stage high, hoop nets set 
adjacent to cut banks were most pro- 
ductive, while during summer when wa- 
ter was low and warm, channel or cur- 
rent sets produced a higher catch of 
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catfish than bank sets. He also states 
that best results were obtained when 
the mouth of the net was located ten to 
twenty feet above “‘cover’’ areas. 

Barnickol and Starrett (1951), in 
their comprehensive review of test net- 
ting operations on the Mississippi River 
between Dubuque, Iowa and Caruthers- 
ville, Missouri, noted that efficiency of 
hoop nets and wing nets definitely de- 
creased during warm months. Their data 
indicated also that not only was there 
a catch deviation in various reaches of 
the river, with catches progressively de- 
creasing downstream, but that mesh 
size was also a determining factor in 
xatch on a poundage basis. Wing nets 
with small mesh were the most effective, 
while hoop nets were more efficient when 
constructed of large-mesh webbing. On 
inland Iowa streams, the opposite was 
true in some instances, smaller meshed 
(and hence darker) nets were more effi- 
cient in taking catfish. Gear efficiency 
apparently varies not only with habitat, 
season and reach of the river, but also 
between rivers. 

Poisoning usually is considered as a 
device for counting the entire population 
of either a whole body of water or a 
definite portion thereof. However, poi- 
soning (and narcotizing or stunning with 
chemicals) may be used as a means of 
securing a qualitative or quantitative 
Sample of limited size. Since poison pre- 
sumably kills all or nearly all fish in a 
sampled area, the sample is representa- 
tive of the total population to the extent 
that the sampled area is representative 
of the entire body of water. True ran- 
domness of sampling locale is difficult 
to obtain. Not only are there vast differ- 
ences in fish populations of various parts 
of a river, but sampling locations are 
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restricted more with poisoning than 
with many other sampling devices since 
poison cannot be controlled in moder- 
ately or swiftly flowing water. 

Backwaters or overflow ponds which 
are connected to a river only during 
high water may be poisoned, but it is 
probable that neither a quantitative nor 
qualitative sample of river population 
will be obtained. An early high-water 
period favors occupation of certain over- 
flow ponds almost completely by buf- 
falo, an early spawner. In other years, 
when high water comes later in spring, 
these same ponds may be occupied al- 
most exclusively by carp, a late spring 
spawner. In two successive poisonings, 
a year apart, of the same overflow pond 
adjacent to the Mississippi River, 
the various species categories such as 
“game”, “pan”, and “rough” fish 
changed greatly in comparative num- 
bers, and also in per cent of total weight 
(UMRCC, 1950c). These changes prob- 
ably do not indicate fluctuations in 
population in that general section of the 
river, as much as the entrapment of 
schools of fish whose movements brought 
them into the pond at high water; their 
subsequent egress being prevented by a 
rapid drop in the river stage. 

Much the same conditions apply to 
sampling with the electric shocker, ex- 
cept that it can be used in a greater 
variety of situations than can poison; 
e.g., in moderate current or open-stream 
locations. Schuck (1943, 1945) has re- 
ported on use of the electric shocker to 
sample the brown trout population of a 
small stream in New York. By shocking 
several sample areas, he obtained esti- 
mates in each of three successive years, 
of stock existing at a given time after 
planting. To prepare these estimates, he 
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combined data obtained from shocking 
with those of weir trap catches and a 
creel census. 

It is possible to make some kind of 
estimate of a stream population by in- 
tensive angling, although this is un- 
doubtedly an inefficient method when 
assessed in terms of man-hours of effort. 
Pratt 
fishing the same stretch of river for nine 


(1937) used his angling results, 


years, to make estimations of popula- 
tions of four species of trout in the 
Gunnison River, His catch 
per year ran around 1000 to 2000 fish, 


Colorado. 


of all species, and his estimates of abun- 
dance are expressed only in relative 
terms of one species to another, and not 
in absolute figures. Many factors, such 
as differences in catchability of different 
species, could cause sampling error. 
Where a substantial commercial fish- 
ery for one or more species exists, catch 
by periods and by units of effort gives 
a clue to fluctuations in abundance, and 
even to absolute size of stock of species 
involved. This method has been em- 
ployed widely in Europe, on oceanic 
fishing grounds, in the Great Lakes and 
in various inland waters in the United 
States and Canada. It has had important 
application to the salmon fishery of 
rivers of the west coast of North Amer- 
ica. Barnaby (1944), working on the 
Karluk River, Alaska, obtained year- 
by-year estimations of the red salmon 
run by combining total catch with es- 
capement counts. On the Fraser River 
system (Rounsefell, 1949, and others) 
the same method has been used. Me- 
Kernan et al. (1950) presented catch 
data for a 26-year period, for the princi- 
pal salmon rivers of Oregon, and stated 
possible reasons for catch trends. No 
actual population estimates were given, 
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but it was stated that a marking experi- 
ment in one year showed that 81 to 87 
per cent of silver salmon that survived 
until the third year were taken in the 
fishery. 

The Upper Mississippi River Con- 
servation Committee is conducting one 
of the first continual recording of yearly 
commercial catch statistics on a large 
inland (non-salmon) river in the United 
States (UMRCC, 1948-1952). This 
project, at present does not have suffi- 
cient data for a sound evaluation of 
trends in individual commercial popu- 
lations. 

Occasionally, in especially favorable 
situations, an estimate of a fish popula- 
tion can be made by direct observation. 
Surber (1941) reported counts of schools 
of minnows and other fishes made by 
drifting over clear water in a canoe. 
The estimates were expressed in num- 
bers of fish per mile of stream. At times 
counts or estimates of numbers of 
spawners, or of fry, can be made on 
spawning beds. 


FIsHWAYs, TRAPS, AND WEIRS 


Permanent weirs and fishways over 
dams, with appended traps, offer a 
means of counting fish in migration. 
The movement may be well delineated, 
such as a spawning run, or a more lo- 
ealized  stirring-around, such as_ that 
brought about by changes in water 
stage. Especially with fishways at dams, 
an upstream movement is often much 
-asier to handle than movement down- 
stream. 

Fishways and weirs have proven par- 
ticularly useful in making population 
estimates in salmon streams of the west 
coast. Needham (1939) reported on four 
years of counts at the Rock Island Dam 








le 
la- 


ols 
by 


m- 
1es 
of 


on 


ver 


mn. 
ed, 
lo- 
iat 

ter 
ns, 
ich 
yn- 


ar- 
ion 
est 
pur 
am 








ESTIMATING Fish POPULATIONS IN 


on the lower Columbia River. Barnaby 
(1944) made week-by-week counts of 
red salmon at a weir on the Karluk 
River over a 16-year period. The salmon 
counted belonged to the so-called spawn- 
ing escapement; i.e., those spawners 
which had escaped capture in the fishery 
and were entering the spawning ground. 
Moffett (1949) reported on counts of 
king salmon in the Sacramento River. 
Counts were made at fish ladders, fish 
lifts, traps and on “spawning racks”’ 
(artificial spawning beds). Murphy 
(1952) at Benbow Dam in California, 
counted the individuals which jumped 
or swam over a board placed in a fish- 
way. From the counts of migrating 
grilse, he made calculations of survival 
of the previous year class. 

Carbine and Shetter (1945) presented 
some results of operation of weir-traps 
on three good-sized streams in Michigan, 
as well as on some smaller (trout) 
streams. These weirs were built to study 
fish movements more specifically than 
fish populations, but the counts give a 
basis for making some broad compari- 
sons of populations from stream to 
stream and from year to year. In exten- 
sive studies of populations of sea lam- 
preys in the Great Lakes and _ their 
tributary streams, Applegate (1950) 
made use of weirs to count spawners 
moving upstream and newly trans- 
formed adults moving downstream. His 
report listed incidental counts of other 
species taken in the traps. 

The successful operation of a weir or 
fishway depends upon fish movement 
and also upon willingness of the fish to 
enter the structure in random numbers. 
The approach must be attractive and 
the flow of water in the chute must be 
adequate or many fish may simply mill 


STREAMS—Cleary and Greenbank 471 


around below the fishway and not ascend 
it. However, Harrison (1948) found that 
with a dam and fishway of scientific de- 
sign, numbers of fish in the fishway were 
in reasonable proportion to numbers in 
the area immediately below the dam, 
indicating non-selectivity, at least with 
respect to larger species. Tho problem 
is simplified when only a single species is 
involved and when the urge to move 
upstream is a powerful one, affecting all 
members of the population, as in the 
salmon migrations. 

An opportunity and an incentive to 
use fishways as counting devices is fur- 
nished by the presence in nearly all of 
the major streams of most states of a 
number of dams scattered throughout 
the reaches of the rivers. The use of 
identical or similar structures, in several 
areas of a river should provide for a 
comparison of relative abundance of 
many individual species, even though 
numerical total counts cannot be ob- 
tained. There would be a tremendous 
expense in setting up these fishways, 
and even after the fishways were in- 
stalled and made as attractive as pos- 
sible, they would need constant mainte- 
nance to keep them functioning properly 
and to prevent damage from floods, ice, 
and vandalism. 

CREEL CENSUS 

Ordinarily, creel census is conducted 
to evaluate the sport fishing yield of a 
given body of water, usually on an 
effort basis (fish per man-hour or the 
like) and with a species breakdown, 
sometimes comparing locality to locality 
or season to season. Seldom are data 
sufficient to make accurate estimates of 
the standing population or to indicate 
population trends. The sample usually 
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is a small proportion of the total popula- 
tion, even in the immediate area sam- 
pled. It is much smaller than generally 
is the case in commercial fishing, be- 
cause gear and techniques are less effi- 
cient. Furthermore, the sample is apt 
to be selective as to species and size, 
and the catch is often more dependent 
upon whether fish are biting than upon 
number present. 

In exceptional instances, the sample 
may be qualitatively and quantitatively 
adequate to provide a basis for a popu- 
lation estimate. Included in this cate- 
gory are lakes in which there is a con- 
centrated fishery for one or more species 
as the yellow perch in Lake Mendota 
(Bardach, 1951), and small trout streams 
in which stocking and angling may com- 
bine to control the standing population 
to a large extent. 

In an early experiment reported by 
Belding (1938), catch records of salmon 
in an eastern seacoast stream were kept 
over a 40-year period by a fishing club. 
Although the figures show trends in 
eatch per rod-day and in annual catch, 
they are held by the report to be in- 
dicative of trends in the stock, at least 
on a broad basis. Schuck (1942) dis- 
cussed the connection between standing 
population and fishing yield in an ex- 
perimental trout stream in New York. 
He found that the brook trout catch was 
significantly associated with population 
density but the brown trout catch was 
not. Population numbers were controlled 
by plantings. Shetter (1950), working 
with two trout streams in Michigan 
arrived at estimates of the population 
by a combination of creel census, mark- 
ing and post-season shocking operations. 

The statistical procedures involved in 
making population estimates from creel- 
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census data are discussed by Mottley 
(1949). 


MARKING 


The procedure of marking, releasing, 
and recapturing fish differs in both 
theory and operation from either of the 
two general classes of population estima- 
tion techniques of ‘complete’ counting 
and estimation from relatively small 
samples. The mark and recapture method 
is, in a sense, a matter of mathematical 
manipulation rather than of simple 
counting or sampling. In the proper 
situation and with adequate data very 
satisfactory results can be obtained. 

A distinction must be made, however, 
between a thorough-going mark and re- 
capture experiment and one in which 
returns are comparatively few and often 
quite haphazard in nature. In many 
operations in which marked fish are re- 
leased in streams only a handful ever 
are recaptured, and these may have 
travelled long distances, and hence do 
not necessarily represent the same popu- 
lations of which they were originally a 
part. Such returns may give valuable 
clues to fish movement, but they cannot 
be put to use satisfactorily in making 
population estimates. For example, Har- 
rison (195la) tagged 4,032 channel cat- 
fish internally, and in three years’ time 
he examined 35,000 specimens of which 
only 95, or about two per cent, were 
tagged. Thompson (1933) recovered 124 
tagged river fish from a tagged sample 
of 6,815 in a five-year period. Of 3,500 
tagged channel catfish in the upper 
Mississippi River (UMRCC, 1950a), 
264 were returned in a three-year period. 
In these studies, as in many other simi- 
lar tagging experiments, anglers and 
commercial fishermen were depended 
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upon to bring in tagged fish; a procedure 
which frequently results in the reporting 
of only part of numbers captured. 
Furthermore, there is no record kept of 
the ratio of marked to unmarked fish in 
the catch when the report is furnished 
by a relatively disinterested party. 

The mathematical theory underlying 
the mark and recapture method has 
been discussed by a number of authors. 
Schnabel (1938) presented developments 
of the basic formula, a simple proportion 
involving marked and unmarked mem- 
bers of the population and of the sample. 
However, La Place, a French mathe- 
matician of the 18th century, probably 
originated the method in his work on 
human populations. Schumacher and 
Ksechmeyer (1943) devised a variation 
of the equation giving a certain weight 
to each of successive samplings and de- 
rived a standard error of estimate. 
Ricker (1948), Schaefer (1951), and 
others have elaborated upon the sta- 
tistical procedure. 

To produce accurate results, several 
conditions must be met. The marking, 
whether it be by tags, fin removal, or 
what not, must be easily recognizable 
and must remain so, for an extended 
length of time (improper excision of fins 
may result in regeneration; poorly at- 
tached tags may be shed). 


DISCUSSION 


Many factors combine to make an 
accurate estimate of the size and com- 
position of a fish population in a good- 
sized stream extremely difficult, if not 
impossible, to achieve. The body of 
water is stretched-out, often having in- 
definable limits or boundaries and with 
physical properties varying from one 
locality to another. The fish population 


may be a complex of many species, not 
uniformly distributed in space or time, 
and exhibiting much, and often erratic, 
movement. Various known devices for 
sampling or counting are relatively in- 
efficient, and most of them are selective 
as to species and size of fish captured. 
In the face of all of these conditions, it is 
small wonder that fish population densi- 
ties in rivers usually are recorded in such 
terms as “‘present’’, ‘“‘searce’’, ‘‘com- 
mon” and “‘abundant”’, rather than as 
numbers or pounds per acre or linear 
mile. 

Where certain considerations rule out 
numerous or large survey parties and a 
complexity of gear, it may be more 
practical to work on only one or two 
species of fish such as those receiving 
heaviest angling pressure. Specialized 
methods of sampling these species may 
be used at a time when results are more 
or less insured. Special effort can also 
be made to determine specific popula- 
tion characteristics, such as ratio of 
adults to sub-adults or to young of the 
year. 

In Iowa, where channel catfish is the 
most sought-after river species, over 25 
survey stations are visited annually, and 
-atfish are readily taken in small-meshed 
hoop nets, 22 inches in diameter and 
baited with cheese trimmings. There 
seems to be a set movement pattern of 
catfish into nets with an early spring 
catch of predominantly ‘fiddlers’ and 
sub-adults. The spawning run of large 
catfish starts in June and continues until 
‘arly July. Late summer and early fall 
catches seemingly give the best index 
to actual size structure of the entire 
population. 

In eastern Iowa where northern pike, 
walleyes and crappies constitute a major 
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portion of the angler’s take, trap nets 
set adjacent to sand bars and in low 
velocity water give fair data as to rela- 
tive abundance of these species. 
Smallmouth bass populations are sur- 
veyed in tributary streams of major 
rivers by means of visual observations. 
Between 15 and 20 streams were sur- 
veyed as to number of nests per mile, 
affording an index to relative size of the 
spawning, or “‘legal’’ the 
population, while the use of a small drag 
seine over a fixed area determined the 
relative success of the year’s hatch. 
These surveys should be of a continuous 
nature, with the same portion of the 


segment of 


stream being visited each year. 

There is seemingly no simple panacea 
or fixed operating procedure which can 
be generally recommended. The situa- 
tion, however, is not hopeless, and until 
new sampling techniques are devised, 
which will overcome the inefficiences of 
the present known techniques, reason- 
ably accurate trends in river populations 
can be obtained if surveys are of a con- 
tinuous nature to allow for comparison 
of annual data. 
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ACUTE TOXICITY OF CERTAIN INSECTICIDES TO THE 
BOBWHITE QUAIL AND MOURNING DOVE? 


James H. Dahlen and Arnold O. Haugen? 


Alabama Cooperative Wildlife Research Unit, Auburn, Alabama 


INTRODUCTION 


Since use of the newer insecticides has 
become a standard practice in agricul- 
tural pest control, an important question 
in the minds of many wildlife techni- 
clans, sportsmen, and farmers has been 
the possible detrimental effects of these 
chemicals upon game birds and animals. 
The South in particular has experienced 
2 tremendous increase in use of com- 
mercial insecticides for control of cotton 
and peanut insect pests. Several reports 
of quail or other birds being found dead 
or moribund in and around dusted agri- 
cultural crops were received. In no ease, 
however, could a report be corroborated 


'From a thesis submitted by Dahlen in 
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Institute. 

2 Graduate Research Assistant and Leader, 
respectively, of the Alabama Cooperative 
Wildlife Research Unit, which is jointly spon- 
sored by the U. S. Fish and Wildlife Service 
(Department of the Interior), Alabama De- 
partment of Conservation, Wildlife Manage- 
ment Institute, and Alabama _ Polytechnic 
Institute. 


upon subsequent investigation. A die-off 
in doves in Alabama and the Southeast 
was at one time attributed to the in- 
discriminate use of insecticides, but this 
was disproved by the discovery of tri- 
chomoniasis as the cause of mortality. 

A project to determine the oral tox- 
icity of some commonly used _ insecti- 
cides, including aldrin, dieldrin, toxa- 
phene, and lindane to quail and doves 
was conducted at the Alabama Coopera- 
tive Wildlife Research Unit in 1950 and 
L951. 


[EQUIPMENT AND METHODS 


Holding facilities for experimental 
birds consisted of pens similar to those 
recommended by the Fish and Wildlife 
Service (Nestler and Bailey, 1941) for 
quail, and specially designed cages for 
doves. The latter were lined with cheese- 
cloth to decrease self-inflicted injury of 
the highly nervous birds. The floors 
were elevated to reduce chances of auto- 


infection of birds with internal parasites. 
Each quail pen was provided with a 
feeding tray, gravity water jar, and a 
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dust bath; the dust bath also served as 
a source of grit. The dove cages con- 
tained similar watering devices and chick 
feeders for scratch feed. From 10 to 20 
birds were placed in each enclosure. 

Quail, 8 weeks old, were purchased 
from a commercial game farm; others 
were donated by the Patuxent Research 
Refuge, Laurel, Maryland. Doves were 
obtained by trapping. 

The birds were individually banded 
with aluminum leg bands. They were 
given feed and water as often as neces- 
sary, depending upon the number of 
birds per pen. Standard commercial 
feeds were used for both species. Quail 
were fed a 26 per cent protein turkey 
growing mash, and the doves received 
wheat and corn scratch feed. 

An occasional outbreak of cannibal- 
ism occurred among the quail, particu- 
larly when new birds were introduced 
into a cage. This was usually curtailed 
by the addition of small amounts of salt 
to the feed. In the more severe out- 
breaks, tips of the beaks of the more 
aggressive individuals were clipped. Loss 
of quail and doves due to causes other 
than insecticidal 
ligible. 

Oral application of insecticides was 
made with a No. 1 gelatin capsule 
(0.7 x 1.9 mm). The bird was restrained 
in a manila paper while the 
moistened capsule was pushed behind 
the base of the tongue. Administration 


poisoning was neg- 


cone 


of a small amount of water before and 
after the capsule facilitated the process. 
Insecticides were used at concentrations 
which would allow the entire dose to be 
contained in a single capsule and were 
calculated on the basis of milligrams of 
toxicant per kilogram of body weight. 
Whenever possible, six or more indi- 
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viduals were treated at each level. 

Ordinary refrigeration was found to 
be the most satisfactory method of pre- 
serving deceased birds for autopsy. 
Actual freezing and storage for any 
length of time resulted in considerable 
post-mortem changes which partially 
masked or obliterated pathological alter- 
ations in viscera of specimens. 

Determination of the median lethal 
dosage or LD-50 was the goal of the 
study. This is the level at which half of 
the treated individuals suecumb and 
largely does away with erroneous figures 
which might be caused by individual 
variation in susceptibility to a given 
toxicant. The use of mg/kg is standard 
in work of this sort, being equivalent to 
parts per million (ppm) of body weight. 
The method for determining the LD-50 
dosages from the data on poisoning is 
shown graphically in Figure 1. 

RESULTS 

The median lethal dosages for bob- 
while quail were determined to be as 
follows: aldrin, 4-4.5 mg/kg; dieldrin, 
12-14 mg/kg; toxaphene, 80-100 mg/ 
kg; and lindane, 120-130 mg/kg (males) 
and 190-210 mg/kg (females). For doves 
the levels were: aldrin, 15-17 mg/kg; 
dieldrin, 44-46 mg/kg; toxaphene, 200— 
250 mg/kg (estimated); and lindane, 
approximately 350-400 mg/kg (Table 1). 

Using the LD-50 of aldrin as a stand- 
ard for comparison, it may be calculated 
that 3 times as much dieldrin, 18 times 
as much toxaphene, and 25 times as 
much lindane would be required to kill 
an average quail. For the doves, the 
ratio would be 1 (aldrin) to 3 (dieldrin) 
to approximately 14 (toxaphene) to 
approximately 23 (lindane). The time 
lapse before death would be slightly 
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longer, in general, for the less toxic 
materials, as was shown in the investi- 
gation. Generally doves appeared to be 
almost three times as resistant to the 
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Fic. 1. Dosage-mortality curve for mourning 
doves fed acute doses of Aldrin. 


TaBLeE 1.—TasuLatep Data on LD-50, Birps DosEp anp LONGEVITY 


various insecticides concerned as were 
quail. However, the number of doves 
dosed with toxaphene and lindane was 
small, and additional data to substan- 
tiate these ratios are needed. 

The lowest acute dosages causing 
mortality to quail were: aldrin, 4 mg/ 
kg; dieldrin, 10 mg/kg; toxaphene, 40 
mg/kg; and lindane, 120 mg/kg. The 
smallest fatal doses for doves were: 
aldrin, 12.5 mg/kg; dieldrin, 40 mg/kg; 
toxaphene, 100 mg/kg; and lindane, 
200 mg/kg. 

In general there was a correlation be- 
tween loss of body weight and days 
lived after administration of the insecti- 
cide. Weight loss was slightly more pro- 
nounced and of longer duration for 
poisons administered at higher levels 
(toxaphene and lindane). The birds that 
lived for several days were often in very 
poor flesh, in some cases having lost 
nearly 50 per cent of their original body 
weight. Other investigators have also 
observed similar phenomena. Anderson, 
et al. (1951) noted a marked loss of appe- 
tite and consequent loss of body weight 











Avg. wt. Avg. no. 
No. birds No. birds LD-50 level loss of days 
Insecticide dosed dying mg/kg (Per cent) lived 
QUAIL 
AMM... occas Be 15 4-4.5 15 3 
Dieldrin........ 51 26 12-14 20 4 
Toxaphene...... 60 22 80 - 100 25 3 
Landane........ 34 (males) 18 120 - 130 25 3 
46 (females) 23 190 - 210 25 3 
Doves 
LS re rr 21 10 15-17 18 4.5 
Dieldrin........ 20 10 44 - 46 15 3 
Toxaphene...... 8 5 200 - 250 22 3 
(approx. ) 
Lindane........ 15 4 350 - 400 10 2.5 


(approx. ) 
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in experiments with aldrin and chlordane 
on turkeys. In chronic experiments with 
chickens at Alabama Polytechnic Insti- 
using aldrin (Richards, 1950), 
(Wood, 1950), and chlordane 
1950), loss of appetite and 


tute 
dieldrin 
(Turner, 
weight was consistently noted. 

Several birds were observed in convul- 
sions and subsequent depression which 
preceded death. Motor 
seemed to be affected, and the bird did 


coordination 


not normally respond to outside stimuli. 
The bird often backed into a corner of 
the while in the 
state, and tremors and oceasional shak- 


enclosure moribund 
ing of the head were noted. Usually 
that died found on their 
with necks drawn back to 
side, wings partially expanded and legs 


birds were 


backs one 
extended. In several instances a rather 
large amount of milky exudate flowed 
from mouth and nares of birds at death. 

No consistent pathological character- 
isties were detected other than those 
which typify convulsions. There was no 
noticeable variation for the four poisons 
or the species of bird, but birds dying 
from causes other than insecticidal poi- 
soning were nearly, if not completely, 
lacking of the 
dosed specimens. Dilated auricles and 


toxemia evidenced in 


their veins, discolored and atrophic 


livers, congested lungs and_ kidneys, 


hemorrhages in pleural cavity, trachea 
and neck 
viscera, and petecheae in breast muscle 


region, excessive urates in 
were some of the more commonly ob- 


served phenomena in poisoned birds. 


DISCUSSION 


Apparently doses below those causing 
acute toxicity had little or no perceptible 
effect upon breeding potential of quail. 


Even when segregated many females 
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layed eggs, and several pairs that were 
used for breeding in captivity several 
months after surviving large doses of 
lindane and toxaphene had successful 
hatches in all cases when the eggs were 
incubated. 

Female quail, in these experiments, 
appeared to be more resistant to lindane 
than males. No such differentiation was 
apparent in effect of aldrin, dieldrin, and 
toxaphene on male and female quail nor 
of these insecticides and lindane on male 
and female doves. 

Older birds appeared to be more re- 
sistant to insecticides than younger ones, 
at least during late spring. There could 
possibly be a correlation with breeding 
condition, but this is not substantiated 
by any experimental data or pathologi- 
cal observations. 

Since most insecticides are used at 
low concentrations in field applications, 
danger is less than would appear at first 
observation. The amount of toxic ma- 
terial per treatment at the 
standard rate of application on cotton 
would be as follows: aldrin, 0.25 to 0.37 
Ibs.; dieldrin, 0.15 to 0.27 Ibs.; 
phene, 2 to 3 Ibs.; and lindane, 0.30 to 
0.45 Ibs. (Arant, 1951). The same order 
for degree of toxicity would apply, most 
probably, but the chances of sufficient 
accumulation of toxicants by a given 
individual to cause death would appear 


acre per 


toxa- 


unlikely, even with repeated applica- 
tions. 

Obviously, a large number of variables 
occur in the effeet on game birds of an 
insecticide applied in the field. Some of 
these are methods of application, con- 
centration and form of poison utilized, 
the bird population in the immediate 
area and direction and intensity of wind 
drift. It seems 


currents influencing 
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plausible that indiscriminate heavy ap- 
plications of aldrin or dieldrin could 
affect the fauna on or adjacent to the 
Some studies on the effect 
of certain insecticides on doves in simu- 
lated field conditions in pens have indi- 
that aldrin and dieldrin might 
cause mortality to wild birds (Young, 
et al. 1952). A logical sequel would be 
study of the effect of these and other 


treated area. 


cated 


newer insecticides at field rates of appli- 
cation on birds in the open and in range 
pens in or near treated areas. Many 
questions hitherto unanswered would 
undoubtedly be clarified by an investi- 
gation of this kind. 


SUMMARY 


Single acute dosages of aldrin, di- 
and lindane 
administered to 212 quail and 64 mourn- 


eldrin, toxaphene, were 
ing doves. The toxicants were adminis- 
tered orally by means of gelatin eap- 
sules. Lack of motor coordination, de- 
pression and subsequent death was the 
usual course of events in birds suecumb- 
ing to the poisons. Birds which sue- 
ecumbed were stored in a refrigerator 
until autopsy shortly thereafter. 

The insecticides in order of decreasing 
toxicity were aldrin, dieldrin, toxaphene, 
and lindane. Doves were roughly three 
times as resistant to any given toxicant 
as quail. Female quail were more re- 
Sistant than males to lindane. No sex 
difference in susceptibility was percepti- 
ble with the other compounds or with 
Older 


more 


doves. birds appeared to be 


slightly resistant than 
Loss of appetite and consequent loss of 
the 
results of poisoning. No consistent patho- 


logical changes other than those which 


young. 


body weight were most notable 


typify convulsions were detected. Dos- 
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ages of lindane and toxaphene below 
those causing acute toxicity apparently 
did not affect breeding condition. 

No substantiated cases of insecticidal] 
mortality in agricultural areas under 
natural conditions were obtained. 
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MUD LAKE NATIONAL 
WILDLIFE REFUGE, HOLT, MINNESOTA 


Robley W. Hunt and Lloyd M. Mangus! 


U.S. Fish and Wildlife Service, Holt, Minnesota 


INTRODUCTION 


The Mud Lake National Wildlife 
Refuge is a 60,000-acre area in eastern 
Marshall County, Minnesota. Originally, 
the tract consisted of spruce-tamarack ” 
swamps (13,000 acres), surrounded by 
small groves of aspen and hardwoods on 
higher knolls, of a luxuriant expanse of 
short grasses (38,000 acres), of inter- 
mittent marshes, numerous small pot- 
holes resulting from peat burn-outs, and 
several shallow lakes totaling about 
9,000 acres. The present refuge area be- 
came involved in a gigantic agricultural 
drainage enterprise, and the construc- 
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food habits and parasitic infections based on 
laboratory examinations of vital organs. Per- 
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ment, Pittman-Robertson Unit, provided com- 
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paper. 

2 Scientific names of plants will be found in 
Table 2. 


season. 


tion of 200 miles of drainage ditches 
from 1911 to 1913 produced unantici- 
pated ecological changes in the peaty 
soil, water, and cover conditions that 
rendered agricultural use so unprofitable 
that farmers abandoned the land: Later 
the area was selected as a site for estab- 
lishment and development of a national 
wildlife refuge that included the restora- 
tion of a formerly productive waterfowl 
habitat. Acquisition of refuge lands was 
initiated in 1935 for development as a 
national migratory waterfowl refuge. 
For this primary purpose, development 
and construction work was begun in 
1937 and by 1941 the major structures 
requisite for the restoration of former 
water levels had been completed. This 
has resulted in greatly increased water- 
fowl production and use. 

Associated with restoration of swamps, 
marshes, and grasslands has been im- 
provement of habitat for other bird life, 
for fur bearers, and for game animals. 
Among the latter is the white-tailed deer 
(Odocoileus virginianus borealis). Deer 
at first were extremely scarce, but be- 
came common in the general area with 
noticeable increases beginning about 
1938. Refuge records substantiate a 
continued increase in deer populations, 
but detailed data were not available 
until 1947. Population increases necessi- 
tated investigations to determine rates 
of increase, normal carrying capacity of 
refuge habitat, and subsequent popula- 
tion limitations to facilitate the formula- 
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tion of a sound deer management plan 
for the refuge. Data presented in this 
paper and collected for management 
purposes were compiled for the 1946- 
1951 period. 

In conjunction with initiation of popu- 
lation studies, a habitat survey and 
browse utilization study were outlined 
and field investigations started in Janu- 
ary 1947. Early investigations included 
winter range studies, browse surveys, 
trapping and tagging operations, ob- 
servatfons of herd movements, and mor- 
tality factors. 

FIELD INVESTIGATIONS 

POPULATION SurRvEY The first com- 
plete aerial census was undertaken in 
1947 by refuge personnel. In order to 
establish a standard census method it 
was determined that the pilot and ob- 
server, using a light aircraft, would at- 
tempt a complete coverage of refuge 
winter habitat, an area of approximately 
93 square miles. Population data for the 
period 1947-1951 are given in Table 1. 
The maximum population of 1300 ani- 
mals was influenced by a reduction of 
habitat by fire on areas adjacent to the 
refuge. 

The remaining breeding population as 
of April 15 each year was used as an 
index to the annual increment and 
anticipated fall population. 


TABLE 1.—AERIAL CENSUS DATA 
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WINTER RANGE RECONNAISSANCE 
The entire surrounding area supports a 
summer deer population, a large num- 
ber of which return to the refuge proper 
and adjacent wintering grounds from 
December through March. Aerial census 
has shown that the wintering deer herd 
is well distributed throughout the land 
areas of the refuge consisting of ap- 
proximately 30,000 acres with little evi- 
dence of true yarding (Fig. 1). The only 
areas not utilized were open expanses of 
lake, shoreline where willow or emergents 
drifted full of snow, interior of spruce- 
tamarack bogs, and small stands of 
mixed hardwoods and burned-over areas. 
Habitat types most heavily used as win- 
ter cover were willow thickets, larger 
stands of conifers and hardwoods, and 
marsh consisting of cattail, Typha, reed 
(Phragmites communis), and bulrushes 
(Scirpus acutus, S. validus). 

Because much of the adjoining habi- 
tat differs little from that of the refuge, 
there is considerable movement of deer 
across refuge boundaries during the 
period December-March. For this rea- 
son, the exact refuge boundary was used 
as the line of demarcation for recording 
a deer as being within or without the 
refuge. It was important, however, to 
keep additional records on populations 
wintering adjacent to the refuge so as to 





No. Deer 





Area Covered Total 
Year Date (Sq. Miles) Estimated Population Per Sq. Mile 
Mee «ONE otros ncsese 93 742 7.97 
BS Fe sinned cei tiscocaigwiosens 93 897 9.64 
po Mee oe Ee 46.5 1300? 13.97 
a whos casainicie oon iw eis 93 850 9.13 
864 9.29 


CGO Snnshccccecdcetsionns 93 


| bo 





1 Represents an adjustment between federal and state censuses for refuge. 
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permit recognition of any sizeable move- 
ment in either direction. 
It 


tions 


was apparent from field observa- 
that annual plants provided a 
large portion of November and Decem- 
ber foods, with a gradual increase in use 
of shrub types as snow deepened. Use 
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of willow, red osier dogwood, balsam 
poplar, and aspen increased as winter 
progressed. On some occasions deer were 
observed to paw through snow cover to 
obtain herbs and other low shrubs. 
BrowsE Surveys. To determine more 
accurately the utilization of available 
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Fic 1. Map showing location and boundaries of Mud Lake National Wildlife Refuge. Winter 
deer range is indicated by shading. 
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browse species and to estimate the 
maximum carrying capacity of the ref- 
uge winter range, browse surveys based 
on the Aldous method (Aldous, 1944) 
were initiated in 1947. Sample plots 
were taken in main concentration areas. 
Data on species composition of available 
food, relative abundance, and degree of 
utilization were recorded. 

The browse survey conducted during 
1947-48 was not extensive enough to per- 
mit formulation of management plans. 
The investigations did indicate that a 
unique situation prevailed in that wil- 
low, the most dominant available spe- 
cies was also sustaining the highest 
degree of utilization in preference to 
species such as dogwood, which is nor- 
mally considered better deer browse. 
Willow is generally considered to be of 
low value as browse for deer in the Lake 
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States and in some cases is cited as a 
starvation alternative. On this basis 
some cooperators expressed the opinion 
that the Mud Lake Refuge was becom- 
ing overpopulated with deer, foreing ani- 
mals to use willow. This did not appear 
to be the case, however, as the 1947-48 
herd was not fully utilizing other browse 
species, and animals appeared to be in 
good physical condition with very little 
evidence of starvation. 

More intensive browse surveys were 
conducted in 1949 and 1951. A series of 
transects was established throughout the 
entire refuge wintering range. Sample 
plots of 0.01 acre were taken at either 
5- or 10-chain intervals along transect 
lines, depending upon the relative length 
of transect and concentration of deer. 

The data presented in Table 2 show 
the availability and distribution of win- 


TABLE 2.—IMPROVEMENT OF BrowsE CONDITIONS FROM WINTER OF 1949 THROUGH 
WINTER OF 1951 


Total No. Plots 
(out of 733) in 
which species 

occurred (1949) 


Species 


WMIOW, GORE BBs. oc dcascicsdiccownsiana 452 


Aspen, Populus tremuloides............. 111 
B. Poplar, P. balsamifera.............. 84 
Dogwood, Cornus stolonifera............ 41 
Hasnberry, Hubs Pi... ccccccccsccess BO 
Wil FIORE, GOW BD. 66.6:6608 ccawss ss ces 29 
-Sweet Clover, Melilotus alba ........... 28 
Choke Cherry, Prunus virginiana....... 11 
Bog Birch, Betula pumila.............. 8 
CRANE. CMAP ONE Bio i iis.n se diseede sa emcees 5 
Black Spruce, Picea martana........... 5 
Tamarack, Larix laricina.............. 5 
TAOS, COMING BD iciicicccrecciscccccnss 
Box Elder, Acer Negundo.............. 4 
Highbush Cranberry, Viburnumtrilobum. 4 
POUR, TUTE IB io 0a. 5. 8a 6 40: ban ESO 3 
Juneberry, Amelanchier sp............. 3 
73 


NN MND noose aisracarek a Scene Da asinan 1 


Total No. Plots 
(out of 1012) in 


Occurrence which species Occurrence 
Percentage occurred (1951) Percentage 
61.7 659 65.1 
15.1 64 6.4 
11.5 199 19.7 
5.5 71 7.2 
4.9 102 10.0 
3.9 10 9 
3.6 53 5.3 
Lo 7 .69 
1.1 33 3.3 

7 4 .39 
7 12 1.18 
7 9 .88 
5) 6 .59 
5 2 .19 
5) 10 9 

4 0 0 

4 3 29 


; 
OD 
or) 
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ter food during 1949 and 1951. It is 
apparent that willow is by far the domi- 
nant species followed by balsam poplar, 
raspberry, dogwood, and aspen. Com- 
parative percentages indicate a general 
improvement in browse conditions from 
1949 through the winter of 1951. Im- 
provement was attributed chiefly to suc- 
cessful establishment, and fast growth 
of willow seedlings and root sprouts. 
Reduction of the herd by means of the 
special open season in 1949 actually re- 
sulted in much potentially available 
willow growing beyond reach. 

A sample of 169 plots confined to 
areas of heavy browsing indicated that 
willow was the staple winter food, but 
that it ranked third in preference to red 
osier dogwood and balsam poplar. 
Available data indicate that palatability 
ratings for willow are somewhat lower 
than for either balsam poplar or red 
osier dogwood, however, the latter two 
species occur in limited quantity and 
the bulk of the winter browsing is ab- 


TABLE 3.—DIsSTRIBUTION OF WINTER Browse (1949) 
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sorbed by the various species of willow. 
During the 1949 browse surveys, 733 
sample plots were taken throughout the 
wintering range. The distribution of 
winter browse is summarized in Table 3. 
A collection of various species of wil- 
low was made in 1949. Identification of 
ten species was established with the 
assistance of University of Minnesota 
botanists, Central Office personnel and 
Dr. Carlton R. Ball of Washington, 
D. C. These were identified as: 
Salix longifolia 
Salix lucida 
Salix bebbiana 
Salix petiolaris 
Salix cordata 
Salix discolor 
Salix interior 


Sandbar Willow 
Shining Willow 
Beaked Willow 
Slender Willow 
Heart-leaved Willow 
Pussy Willow 
Sandbar Willow 
Hairy glaucous Willow Salix discolor 
Cordate, or heart-leaved Willow Salix rigida 
Peach-leaved Willow Salix amygdaloides 


All of the species listed were browsed 
to some degree by livestock and game 
animals, but:Salix rigida appeared to be 
preferred. This may be due to a lower 














Non-Concentration Areas 





Total plots 
taken - 342 


No. 0.01-acre plots in which 
species appeared (density) 


Concentration Areas 





Total plots 
taken - 391 


No. 0.01-acre plots in which 
species appeared (density) 











Species 5-Light 30-Med. 70-Hvy. Total Species 5-Light 30-Med. 70-Hvy. Total 
MN ccdukiniuinene 75 68 7 150 MER cre nesaans 141 110 51 302 
CE rr re 27 9 4 40 BRR os a ccias 55 14 2 71 
Balsam Poplar...... 14 4 0 18 Balsam Poplar..... 57 9 0 66 
Dogwood...... eres. ae 3 0 11 DOS WOOE.....0.600sc0 21 9 0 30 
Raspberry.......... 1 5 0 6 3 11 17 2 30 
Sweet Clover....... 2 3 1 6 Wild Rose......... 21 8 0 29 
Bog Birch. ......+« 0 5 0 5 Sweet Clover!...... 9 8 5 22 
Black Spruce....... 3 2 0 5 Choke Cherry...... 6 3 1 10 
BOMMGOcccccscss 4 1 0 5 ee 4 1 0 5 
Choke Cherry...... 1 0 0 1 NS iauoere mareacnad 4 0 0 4 
Highbush Cranberry 2 1 1 4 
Box Elder.......2.6 1 3 0 4 
Dis ckcstaietand aa weeccd 3 0 0 3 
SOMOBOLEY «oo soc 3 0 0 3 
|e ar 3 0 0 3 





1 Sweet clover not included on all tally sheets. 
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tannin content and other palatability 
factors which have not been thoroughly 
explored. 

No browse surveys were conducted in 
1950 because of difficult travel condi- 
tions and severe spring floods. 

A more detailed browse survey was 
conducted in 1951, with 1012 0.01-acre 
sample plots taken throughout the ref- 
uge winter range. A summary of the 
survey as shown in Table 4 gives a 
clearer picture of the utilization of 
available browse species. Annuals were 
included in the 1951 tabulations since 
it was determined that deer in the Mud 
Lake area make considerable use of such 
species when lack of snow permits. 

An analysis of browse surveys indi- 
‘rates that, although some areas were 
browsed heavily, the general refuge win- 
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ter range has not been over-browsed and 
that the maximum carrying capacity of 
the area has never been attained, even 
when the 1949 deer population averaged 
one deer per 23 acres. 

In addition to the Aldous browse sur- 
vey method employed, an attempt was 
made in 1949 and 1951 to determine 
further the carrying capacity of the 
winter range by conducting clipping 
studies. Available browse was clipped 
from sample plots and weighed. Ap- 
proximate quantity of available browse 
was computed on an acre basis for the 
entire wintering area. These data are 
presented in Tables 5 and 6. 

Available quantities of browse within 
the deer wintering range for 1949 were 
computed at 1,767,000 pounds. At an 
estimated requirement of 5 pounds per 


TABLE 4.—UTILIZATION OF AVAILABLE WINTER Browse, WINTER - SprinG 1951 


(All vegetable species included) 


Total Plots - 1012 








No. of Plots 





% of Average % of % of 
in Which Plots Average Degree of Utilization Food Browse 

Species Occurred Present Density Browsing Factor Eaten Available 
Ev cicnoceinceam 659 65.1 17.0 8.8 149.6 44.9 46.8 
Balsam Poplar...... 199 19.6 2.3 10.5 24.2 7.6 6.3 
Red osier Dogwood. 71 7.0 1.4 29.6 41.4 12.4 3.8 
DON cs.ct.eeensone 64 6.3 8 8.8 7.0 2.1 2.2 
Bog DWech. ....6.660 33 3.2 1.0 5.1 5.1 1.6 2.7 
Ak” ee 2 2 Trace 15.0 aan Trace Trace 
Juneberry.......... 3 2 oa 1.6 2 a 3 
Crastegus.....ccccss 2 2 Trace 2.5 ee Trace Trace 
Gs asic noon eancses 4 4 Trace 0.0 as vie 
Chokecherry........ 7 i 2 3.5 o* 2 .6 
Sree 6 .6 2 3.3 7 2 .6 
ROT oo. :acsss-eiee eves 1 a Trace 5.0 bi Trace Trace 
reer 18 a 3 2.5 8 2 8 
POD ccisiciicnssée 2 ee 1 0.0 oie aie 3 
er eee ye 9 .8 aa 5 a Trace 3 
Highbush Cranberry 10 9 3 4.0 2.3 4 8 
ee 5 5 a | 0.0 ba arate 3 
Goldenrod. ....<.. 323 31.8 6.2 8.3 51.5 15.4 17.0 
Sweet Clover....... 53 5.2 6 18.5 11.1 3.3 Ls 
os 3 102 10.0 1.9 4.2 8.0 2.4 5.2 
NR Siacant cpstelsanes 10 9 a 11.0 a3 3 .3 
ee ee 111 10.9 1.8 13.7 24.7 re I 4.9 
PEMD ctiscuvascee See 10.2 1.3 4.1 5.3 1.5 3.6 
PI. <.5:6:5:6d e090 2 2 ot 2.5 3 ot 

5 4 4 0.0 | 


Labrador tea....... 25 2.4 
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deer-day, or 600 pounds for the 120-day 
wintering period, the herd of 1300 deer 
would have required approximately 
780,000 pounds of browse. The potential 
carrying capacity for 1949 at this rate 
was estimated at a maximum of 2,945 
head, assuming there was no competi- 
tion from moose. The daily food require- 
ment of a moose has been estimated to 
be between 20 and 30 pounds. Assuming 
that the daily requirement would be 30 


) 


pounds per day per moose, 35 moose 
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would require 126,000 pounds of browse 
during the 120-day period. Deer and 
moose requirements for the winter period 
would have been 906,000 pounds, leav- 
ing a balance of 861,000 pounds of un- 
touched available browse at the end of 
winter. 

The 1951 clipping surveys revealed 
that 
of browse were available within winter 
range. The winter population of 864 
deer and 49 moose would have required 


approximately 2,228,700 pounds 


TABLE 5.—BROWSE AVAILABLE (IN POUNDS) ON REFUGE WINTERING AREA, 1949 


l 2 3) 
No. of Plots Av. wt 


Density of out of 733 


Browse in which spe- 100th-acre 
Species Plot cies occurred plot 
5 216 0.17 
Willow 0 178 1.025 
70 58 3.33 
Tot 
71 204 
Ba Poplar 13 2s 
70 Nor 
Tx 
S2 .05 
Aspe! 30) 93 245 
7 t 
re 
t 01 
Che t 30 
70 
r 
l 062 
Highbush ¢ I \ 0) \ 
70 ] 
I 
12 O11 
Raspberry 30 22 033 
70 2 050 
Tot 
P+!) .026 
Dogwood Y 12 .230 
70 0 $28 


browse in 


(4 (5) 6) 
Total wt. of Av. wt. of Total wt. 
of browse 


browse on browse per 


7.33 acres acre thruout on refuge 


2) x (3) 4) + 7.33 (5) x 30,000 
36.72 5.0 150,000 
182.45 24.8 744,000 
183.14 24.9 747,000 
1,641,000 

14.48 1.9 57,000 
4.26 .o8 17,400 
74,400 

t.10 56 16,800 
5.64 76 22,800 
39,600 

09 .012 360 
360 

062 .00S 240 
240 

132 .O18 540 
726 .099 2,970 
100 .013 390 
3,900 

.75A4 O01 300 
2.76 37 11,100 
11,400 


1,770,900 
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an estimated total of 694,800 pounds, 
leaving a surplus of 1,533,990 pounds of 
browse at the end of winter—twice as 
much as that consumed. 

It should be understood that the total 
amount of available browse as calcu- 
lated is not intended to be used as a 
criterion for recommending a maximum 
sarrying capacity, but the population 
could have exceeded previous maximums 
without seriously affecting the range or 
herd. 

ANALYSIS OF DEER HERD THROUGH 
HwunNTER-KILL. A special open hunting 


TABLE 6.—BrowsE AVAILABLE (IN POUNDS) ON REFUGE WINTERING AREA, 1951 


(1) (2) (3) 


No. of Plots Av. wt. of 
Density of (out of 1012) browse in 
Browse in in which spe- 100th-acre 
Species Plot cies occurred plot 
5 276 0.17 
Willow 30 PSO 1.025 
70 103 3.33 
Total 
5 27 204 
Balsam Poplar 30 57 328 
70 15 400 
(est.) 
2” ere 
) 17 .05 
Aspen 30 14 245 
70 3 Not comp. 
Potal 
5 4:5 026 
Dogwood 30 IS 230 
e 70 10 128 
Potal 
) 6O4 O11 
Raspberry 30 25 033 
70 13 050 
ee 
5 2 O15 
Chokecherry 30 ! Not comp. 
70 1 “3 
Total 


Grand Total..... 


season was held on approximately 17,000 
acres of the refuge during the period 
November 12-16, 1949, in conjunction 
with the opening of the state season. 
The general public was admitted without 
special permit, but each hunter was re- 
quired to check in and out. Checking 
stations were established at entrance 
points in cooperation with the Minne- 
sota Divisicn of Game and Fish to obtain 
information on the composition and 
physical condition of the deer herd. All 
deer taken were sexed, weighed, antler- 
beam diameter and tooth wear recorded 


(4) (5) (6) 


Total wt. of Av. wt. of Total wt. 
browse on browse per of browse 
10.12 acres acre thruout on refuge 

(2) x (3) (4) + 10.12 (5) x 30,000 
16.92 4.63 138,900 

296. 23 29.27 878,100 

342.99 33.90 1,017,000 


2,034,000 


25.91 2.56 76,800 
18.70 1.84 55,200 
6.00 58 17,400 
149,400 

-.35 23 6,900 
3.43 34 10,200 
17,100 

| 1] 3,300 
$.14 .40 12,000 
4.28 .42 12,600 
27,900 

704 07 2,100 
J825 OS 2400 
.650 O06 1,800 
7,300 

.030 013 390 
390 

2,236,090 
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for aging purposes, and gross examina- 
tion made of livers to check presence of 
parasites. The deer checked are believed 
to be a representative sample of the 
refuge herd as there was little evidence 
of selectivity by hunters. A summary of 
sex and age ratios obtained from 421 
animals checked is shown in Table 7. 
Average weights are shown in Table 8. 

Additional data on adult-fawn ratios 
were obtained during the spring of 1951. 
Observations on numbers of fawns and 
adults were made along established 
routes of travel, all deer observed in 
adjacent open areas being tallied. A 
total of 320 deer showed a composition 
of 174 adults and 146 fawns, or a fawn 
crop equal to 45.6 per cent of the total 
herd, which compares closely to the 43.2 
per cent of fawns represented in the 
total hunter-kill of 1949. 

Sex ratios as shown approach the ideal 
50-50 ratio. Latham (1950) states that 
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such a ratio assures early breeding suc- 
cess for the majority of mature does, 
which implies earlier birth and subse- 
quently more well-developed fawns prior 
to the next wintering season. 

Adult-fawn ratios of 1 : 1.4 or a fawn 
crop of 43.2 per cent is further evidence 
of a successful breeding season, good 
wintering conditions, and high survival 
of young. Several authors have reported 
that low productivity of does is associ- 
ated with overbrowsed range. 

The fact that nearly 20 per cent of 
the refuge herd is made up of yearlings 
assures annual replenishment of the 
herd. It also indicates a high survival of 
fawns during their first winter. 

During the 1949 hunting season, livers 
were examined for fluke and tapeworm 
infestations. An unpublished report by 
Krefting (1949) shows that, of 347 deer 
livers examined macroscopically, the 
fluke magna) was 


liver (Fascioloides 


TABLE 7.—SeEx AND AGE Ratios ! 


Bucks 


99 


Spike Bucks 


Total Kill 
10 


421 


Total number of bucks and percent of kill...... 


(including spikes but not male fawns) 


Total number of does and percent of kill....... 


(not including female fawns) 


Male Fawns 


Ratio of bucks to does: 100 : 119 or 45.6% to 54.4% 


Total number of fawns and percent of kill...... 


(including males and females) 


Total number of male fawns and percent of kill 
Total number of female fawns and percent of kill............... 00. cc eee eee 


Ratio of male to female fawns: 100 : 121 or 45% to 55% 


Total number of males and percent of kill...... 
Total number of females and percent of kill.... 


Ratio of males to females: 100 : 120 


—— ae ee 
130 82 100 

fi srilte-ojalar calor a head Aa) ciel imc aehaaaie alae 109 25.9% 
Ey ER CIE NY eR ye 130 30.9% 
a opStat orale at opie alavatalbsaia aiaim sca ajaTotayel 182 43.2% 
421 100.0% 

PP eee eT ere eer TT ee Te ee 82 19.5% 
100 23.7% 

EFI EEC re or ee 191 45.7% 
SS elke Bask eee Da Ms eae ees 230 54.3% 





Ratio of does to fawns (both sexes): 100 : 140 


1 Data compiled by Lauritz Krefting. 
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TABLE 8.—AVERAGE WEIGHT BY SEX AND AGE GROUPS 








The following tabulations are based on actual scale-weights (platform balance) of a total 
of 409 deer taken out through the checking stations operated during the 1949 open season in 


the refuge: 
Adult Buck 


Average Hog-dressed............. 185 
Average calculated (live).......... 239 
Heaviest calculated (live)......... 330 
Lightest calculated (live)......... 129 





Adult Doe Fawn Buck Fawn Doe 
131 72 67 
167 91 87 
Zhi 129 110 


131 59 52 








present or signs of old infections were 
present in 35, or approximately 10 per 
cent. None of the livers from fawns was 
infected. Of 35 infected livers from adult 
deer, 17 were from does and 18 from 
bucks. Eleven of the livers examined 
showed tapeworm (Taenia) infections. 
There have been no heavy tick infesta- 
tions at any time. The incidence of para- 
sites in the Mud Lake herd is considered 
to be relatively low. 

Winter Morrauity. One of the im- 
portant considerations in most areas 
inhabited by deer in the northern tier 
of states is the extent of winter loss due 
to starvation. 

A systematic sampling survey was 
initiated at Mud Lake during 1947 in 
an attempt to determine approximate 
winter mortality. Representative por- 
tions of the major wintering areas were 
covered on foot. Observers recorded data 


on dead deer found within a 100-foot 
strip on either side of the transect. A 
summary of data obtained during the 
period 1947-1951 is given in Table 9. 

The 1949 mortality is accepted as 
being the most accurate conducted dur- 
ing the five-year period due to more ex- 
tensive coverage and near-normal winter 
conditions. 

The majority of dead deer examined 
during the winter were fawns which 
appeared to have experienced difficulty 
in obtaining sufficient food due to 
crusted snow. Many dead fawns were 
comparatively small, possibly late fawns. 
Records show that of 16 fawns dead 
from starvation during 1949 and 1950, 
males averaged 59.6 pounds, females 
52.8 pounds. In a sample of 14 fawns 
live-trapped during the same _ period 
1949-1951, males averaged 83.7 pounds, 
females 67.8 pounds. Predator, poach- 





TABLE 9.—WINTER MORTALITY 








No. Dead Deer 


Estimated 





Miles 
of Acres Total Observed Total Loss of 
Year Transect Covered Pop. Fawn Adult Total Fawn Adult Total Herd 
1947** 39.25 942 742 2 1 3 47 23 70 9.4 
1948 58.60 1,406 897 Lost data 5 ne eee 106 11.8 
1949 108.30 2,599 1300 7 1 8 81 11 92 
1950** 57.00 888 850 9 2 11 90* 20* 110*% 12.5* 
1951 83.70 1,809 864 1 0 1 16 0 16 .02 


* Estimated. 
** Insufficient coverage. 
# Does not include estimated loss of 100 deer during spring flood April 1-May 15, 1950. 
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ing and accidental losses have been 
negligible. 

Winter mortality during the five-year 
period averaged approximately 8.16 per 
cent of the herd. Normal expected win- 
ter loss for the Lake States has been 
established to be between 10 and 15 per 
cent of the winter population. 

LivE TRAPPING. Live trapping of deer 
was conducted through January-March, 
1947-1951. Data on sex, age, weight and 
general physical condition were recorded. 
Trapped animals were marked with ear 
tags. Actual weights were not always 
obtained due to difficulty experienced in 
handling larger adults in crates used for 
weighing. 

The methods employed were some- 
what selective for fawns, primarily be- 
cause the immature animals were less 
wary of traps and responded to bait 
more readily. For this reason, sex and 
age ratios obtained from trap samples 
were not reliable. More representative 
data were obtained through checking 
stations during the hunting season. 

The weight data obtained from trapped 
animals and subsequent recaptures show 
little uniformity and do not appear to 
be true representative samples which 
could be used to determine weight gains 
or losses by sex and age classes. 

Trapping and tagging operations did 
yield interesting data on deer move- 
ments as shown in Table 10. Returns 
were obtained on 34 tagged deer through 
subsequent recapture, mortality obser- 
vations and hunter kill. Of total returns, 
24 were recaptured or observed in the 
vicinity of the original tagging sites from 
7 to 777 days later. Ten returns were 
obtained from 0.5 miles to 45 miles from 
the place of tagging. 
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MANAGEMENT PRINCIPLES 


Results of the present study suggest 
the following management principles 
from the standpoint of maintaining a 
proper balance between the refuge deer 
population and available winter food: 

1. Since the refuge is supporting both 
deer and moose, management techniques 
should consider both species in deter- 
mining proper carrying capacities and 
establishment of removal quotas. It is 
the opinion of refuge personnel that no 
removal of moose should be permitted 
under present habitat conditions. 

2. Browse surveys indicate that the 
refuge winter range could safely support 
more deer than the maximum popula- 
tion of 1300 present in 1949. Giving due 
consideration to the moose population, 
it is believed that 1400 deer would be 
an optimum figure at which to carry the 
refuge herd until such time as winter 
losses, browse surveys, and population 
trends might indicate a need of revision. 

3. Since the dominant winter food is 
willow, it will be necessary to conduct 
periodic surveys to determine the avail- 
ability of this species. Due to the rapid 
reproductive rate of willow, a reasonably 
high population of deer helps to keep 
willow terminals browsed down within 
reach of deer. Aldous (op. cit.) states, 
‘Willow browse increased 855% under 
5 years of heavy clipping.” 

There is good evidence that the spe- 
cies of willow utilized at Mud Lake rank 
high on the preferred list of winter 
browse for that area and apparently 
contain sufficient nutrients to maintain 
the reported populations in good physi- 
cal condition. 

4. Tagging studies and related ob- 
servations indicate considerable move- 
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ment of deer between the refuge and 
adjoining areas, with the greatest move- 
ment into the refuge occurring during 
the more severe winter periods in Janu- 
ary to March, followed by spring dis- 
persal. Records show that 29.4 per cent 
of tags recovered were reported from 
areas .5 to 45 miles from the refuge tag- 
ging site. The contention that Mud 
Lake deer disperse widely from the ref- 
uge in late winter and early spring and 
that so-called ‘‘refuge deer’ are being 
shot in considerable numbers outside 
the refuge is being borne out—in 1949 
two out of six tag returns came from 
outside—in 1951 two out of five were 
from the outside—in 1952 three out of 
six were from the outside. Average dis- 
tance of these returns were 22 miles, 
computed from individual movements 
of 45, 35, 9, 4, 18, 12, and 35 miles. 

5. When a periodic reduction of the 
refuge deer herd is permitted, areas 
favored by moose should be closed to 
avoid accidental killing of moose. 

6. Techniques employed during the 
past five years should be continued in 
an effort to obtain more complete infor- 
mation on winter populations on the 
refuge and adjacent areas, deer move- 
ments, availability and utilization of 
preferred foods, value of annuals, nutri- 
tional values of willow, plant succession 
and related changes in summer and win- 
ter food habits, diseases and predator 
relationships. 

7. Some adjustments in application 
of the Aldous browse survey method 
must be made when the method is used 
on browse species possessing the prolific 
growth and recuperative abilities ex- 
hibited by willow. 

8. The Mud Lake deer herd provides 
a unique opportunity for the Fish and 
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Wildlife Service and the Minnesota 
Conservation Department to develop 
and demonstrate a sound deer manage- 
ment program. 


SUMMARY 


1. Prior to settlement of the area, 
through the period of drainage and up 
to the early development of the refuge, 
few deer were present. Following refuge 
establishment and subsequent ecological 
changes, the deer population gradually 
increased. 

2. Through the period 1947-1951, 
the deer population varied between 742 
and 1300 animals. The high population 
of 1300 in 1949 is attributed to loss of 
winter range outside the refuge in the 
fall of 1948 due to fire. Population den- 
sity varied from 7.9 to 13.9 deer per 
square mile during the five-year period. 

3. The total winter range of approxi- 
mately 30,000 acres was not fully utilized 
at any time. There appeared to be a 
shift in areas utilized from year to year, 
with some movement between the refuge 
and adjacent habitat. There was little 
evidence of true yarding. There was evi- 
dence of deer moving into the refuge to 
winter followed by a dispersal from the 
refuge in early spring. 

4. Browse surveys indicated that win- 
ter range was not overbrowsed. Willow 
provided the bulk of winter food. Deer 
showed greater preference for balsam 
poplar and dogwood, but these two spe- 
cies were present in limited quantity. 
Although high utilization of willow is 
normally considered to indicate over- 
browsing of preferred species, the deer 
at Mud Lake use willow to a greater 
degree than a preferred species such as 
dogwood and thrive on the diet, indi- 
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cating there may be some undetermined 
nutritional factors involved. 

5. Sex ratios obtained from random 
observations and from hunter kill in the 
fall of 1949 approached 50 : 50. 

6. Adult-fawn ratios of approximately 
1 to 1.4 (fawn crop of 43.2 per cent) 
provided further evidence of successful 
breeding and survival. 

7. Average weights of Mud Lake deer 
are above normal for the northern Lake 
States. 

8. Winter mortality, which was de- 
termined to be approximately 8.16 per 
cent, is less than the normal loss of 10 
to 15 per cent of the winter population 
in the northern Lake States. 

9. Live-trapping did not provide rep- 
resentative samples for determining 
weight gains and losses by sex and age 
classes during winter, but did yield in- 
teresting data on deer movements. 


DURATION OF FERTILITY 


There is evidence that a portion of the 
refuge winter herd disperses into ad- 
jacent areas and is subject to hunter kill 
during regular state seasons even though 
the refuge may be closed. 

10. There is little immediate danger 
of an overpopulation of deer on the Mud 
Lake National Wildlife Refuge. Present 
plans permit periodic herd reduction in 
conjunction with state deer seasons 
when warranted. It will be necessary to 
continue field investigations to deter- 
mine ecological changes that may further 
influence management plans. 
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IN THE DOMESTIC MAL- 


LARD HEN AFTER ISOLATION FROM THE DRAKE! 


William H. Elder and Milton W. Weller 


Dept. of Zoology, University of Missouri, Columbia, Missouri 


In 1737 the early anatomist, William 
Harvey, noted that one of his hens laid 
a fertile egg 20 days after isolation from 
the rooster (Pearl and Surface, 1909). 
Numerous authors have recorded the 
fact that female birds, unlike most mam- 
mals, can retain viable sperm in the re- 


1 Contribution from the Missouri Cooper- 
ative Wildlife Research Unit: U. S. Fish and 
Wildlife Service, Wildlife Management Insti- 
tute, Missouri Conservation Commission, Ed- 
ward K. Love Foundation, and University of 
Missouri cooperating. 


productive tract for many days and in 
some species for many weeks. 

To the poultryman this information 
has practical significance in flock man- 
agement, for it determines in part the 
size of flock that can be maintained at 
high fertility level with one rooster. To 
the game manager concerned wiih the 
permissible level of harvest of cocks in 
a polygamous species such as the pheas- 
ant (Shick, 1947), the length of life of 
avian sperm is equally important. To 
the biologist concerned with waterfowl 
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management, length of sperm life in the 
female reproductive tract is of quite 
different significance, for Sowls (1949) 
has raised the question as to whether 
remating in ducks is required for suc- 
cessful renesting. If true, the usual pre- 
ponderance of drakes in the duck flight 
takes on new significance. To the best 
of our knowledge the duration of sperm 
viability in the female duck has never 
been adequately determined. Hence, 
the following experiments were under- 
taken. 

Stock for the 1948 experiments was 
supplied by the Fin’n’ Feather Club of 
East Dundee, Illinois, through the cour- 
tesy of Max McGraw. Ralph Hopkins, 
Wisconsin Conservation Department 
supplied stock for the 1951 experiment. 
Incubator facilities were made available 
through cooperation of Professor E. M. 
Funk and James Forward of the De- 
partment of Poultry Science, University 
of Missouri. George K. Brakhage served 
as a most competent assistant during 
collection of 1949 data. H. Albert Hoch- 
baum kindly read the manuscript criti- 
cally. 

The relevant findings we have been 
able to gather from the literature are 
listed Table 1. It is apparent that 
few species have been studied and for 
those that have received some attention 
there has been little agreement among 
various any species. 
Usually few data are reported except 
the maximum time-span which 
fertile eggs were laid following isolation 
from the male. average 
figures are given but frequently with 
samples so small that such figures have 


workers on one 
over 


In some cases 


little meaning. 
In turkeys 50 per cent laid fertile eggs 
day 


on the 38th following isolation; 
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TABLE 1.—Maximum DuRATION OF FERTILITY 
IN ISOLATED FEMALE Birps 








Size of Duration 





Species and Authority Sample in days 
Duck 
Chappellier, 1917......... ? 11 
Dove 
Riddle and Behre, 1921.... 13 8 
Pheasant 
a Bee ere : 42 
Turkey 
Jameson, 1821............ t 20(ca.) 
OEE, BOS in icciciciie des 34 34+ 
Marsden and Martin, 1945 ? 59 
Someone, TOGO... «0.05.60 6 5 61+ 72 
Chicken 
Jameson, 1821............ 2 20 
Barturth, 1806...............: ? 35 
JORWA, TOGO iciccscsccse © 10 
WOME, FOR ok dcic cece 20 
Chappellier, 1917......... t 18 
Elford, 1915.............. 88 18 
| ae. ye 7 15 
Kaupp, 1918.......... ‘13 breeds 12 
Laere, 1919.....5.6.0.0. 17 
8 re 32 
Fronda, 1026............. @ 17 
Dunn, 1027 ..........0616 da 30 
a 56 20 


Curtis and Lambert, 1929.. 35+ 21 


Warren and Kilpatrick, 


fret tre liars wie 41 14 
Chlebaroff, 1930.......... 50 19 
Walton and Whetham, 1933 26 15 
Nicolaides, 1934.......... 26 29 
Parker, et al, 1942......... ? 25 
Nalbandov and Card, 1943 31 35 








most ceased laying fertile eggs by the 
56th day and the last fertile egg was 
found on the 72nd day (Lorenz, 1950). 

In the chicken, most workers agree 
that 2 to 3 weeks is the end of the fertile 
period and that such extremes as 25, 29, 
and 32 days are exceptional. 

A further relevant factor reported by 
workers with both turkeys and chickens 
was the progressive decline in hatch- 
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ability of fertile eggs laid after males 
were removed. This phenomenon was 
observed in chickens after two weeks of 
sexual isolation (Crew, 1926; Dunn, 
1927) while in turkeys no fertile eggs 
hatched after 42 days of isolation 
(Marsden and Martin, 1945: 183). It 
had been shown much earlier (Barfurth, 
1895) that failure of such eggs to hatch 
was due to abnormal embryonic devel- 
opment. While Dunn (1927) found em- 
bryos living up to 18 days in eggs laid 
three weeks after hens were isolated, 
Crew (1926) found no embryos living 
beyond the second day in eggs laid 4 to 
5 weeks after isolation of hens. In 1950 
Dharmarajan made microscopic exami- 
nation of serial sections of embryos after 
2 to 3 days of incubation and found an 
increasing number of nervous system 
abnormalities each week from one to 
four weeks after isolation of hens. These 
workers agree with Nalbandov and Card 
(1943) that spermatozoa deteriorate 
with age and that their ability to fertilize 
an egg remains well beyond the period 
in which they can cause a viable embryo 
to develop. This adds further practical 
limitation to the period during which 
females can be mateless and remain 
reproductively functional. 

Inferior sperms of excessive age may 
also accumulate in the vas deferens of 
the isolated male (Fronda, 1926; Nal- 
bandov and Card, 1943), hence, in our 
experiments, drakes were allowed to run 
with hens for at least a week before 
separation. 

ProcepurE: During the spring of 
1948 the Fin ’n’ Feather Club of East 
Dundee, Illinois, supplied domestic mal- 
lards of small trim stock, nearly devoid 
of white spotting. Offspring of these 
birds were reared and used in the 1949 


experiments. In both years the birds 
were confined in a large outdoor en- 
closure, with constant access to food 
and water. In 1948, 50 hens and 17 
drakes ran together, in 1949 there were 
25 hens and 23 drakes. After sexes were 
together for a week or two they were 
separated and the duration of fertility 
in the flock observed. Eggs were gath- 
ered daily, marked with the date and 
stored at about 55° F. for one week dur- 
ing which they were turned daily. Incu- 
bation was then begun in forced-draft 
machines. All eggs were candled on the 
fourth day and those showing no de- 
velopment were broken and examined 
for signs of early development. A few 
eggs were thus found fertile but dead 
which would not have been detected by 
-andling alone. i 

In 1951, the same general procedure 
was followed with domestic mallards of 
entirely different stock supplied by the 
Wisconsin Conservation Department. 
This time each of the 32 hens was con- 
fined in a separate 4’ x 16’ enclosure to 
determine variability among individual 
birds. Each female was isolated until 
she laid 7 successive infertile eggs, after 
which a drake was placed in the pen 
until fertile eggs were produced, as 
shown by incubation tests. Eggs were 
set every fourth day and were candled 
on the fourth day of incubation. Hence, 
a drake usually ran with the hen for 
8 to 9 days before being removed. Satis- 
factory records were obtained from 17 
hens. In addition, one of these birds 
went through two periods of mating and 
isolation so that 18 complete records 
resulted. Occasionally, one to three ap- 
parently infertile eggs were laid between 
fertile ones; hence, in order to consider 
the record complete, at least 5 infertile 
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eggs were secured after the last fertile 
egg was laid. Some of the 32 hens 
stopped laying before 5 days had elapsed 
and are not included in the results in 
Table 4. 


TABLE 4.—MaximuM DurRATION OF FERTILITY 
IN ISOLATED INDIVIDUAL FEMALE MALLARDS 


Number of Hens Number of Days 


1 6 
4 7 
3 9 
2 10 
3 11 
2 12 
1 13 
2 14 


Resutts: During the three years of 
these experiments, groups of females 
four occasions with 


TaBLeE 2.—EaoG Fertitity RECORD FoR MALLARD HENs ISOLATED FROM DRAKES 





were isolated on 
50 Hens Isolated April 21, 1948 
Number Number Percent 
Day of Eggs Fertile Fertile 
eer 36 (Not Incubated) 
(eye 28 7 25 
aie 34 16 47 
Ms eaveta 33 16 49 
ee 37 13 35 
Ee 37 26 70 
: See 40 20 50 
_ ree 33 18 55 
. Irae ener 37 18 49 
| Bere 35 13 37 
Bs cas 35 3 9 
deals 30 3 10 
| Ses 31 1 3 
| ee 39 2 5 
Bee ad 36 1 3 
ie 36 0 0 
aarseaee 39 0 0 
ae 40 0 0 
iacsua-ard 36 0 0 
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very similar results. The maximum 
duration of fertility was found to be 12, 
14, 15, and 17 days for the four trials 
(Tables 2 and 3). A total of 1,466 eggs 
laid by 107 female mallards was ex- 
amined in the course of these experi- 
ments. It was apparent that the fertility 
of eggs laid during the first week (64 per 
cent) was much greater than that of 
eggs laid during the second week (37 per 
cent) of isolation from the drakes. Less 
than 3 per cent were fertile in the third 
week. 

In 1951, when each female was in a 
separate enclosure, the individual laying 
and fertility records provided a com- 
plete picture of the duration of fertility 
among individual hens rather than a 
composite of all hens housed together 
as in the previous years’ experiments. 
The results shown in Table 4 reveal that 


32 Hens Isolated Spring, 1951 


Percent 


Number Number 
of Eggs Fertile Fertile 
15 15 100 
17 16 94 
18 18 100 
17 16 94 
17 17 100 
17 17 100 
17 14 82 
15 10 67 
16 8 50 
16 7 44 
14 5 36 
15 a 20 
15 1 7 
13 2 15 
11 0 0 
ll 0 0 
14 0 0 
11 0 0 
10 0 0 
10 0 0 


| 
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TaBLe 3.—Eae Fertivity REcorD For 25 MaLuarD Hens DurinG Two PrEriops 


oF IsoLaTION, 1949 


Isolated May 7 





Number Number 


Percent 
Day of Eggs Fertile Fertile 
ee 25 25 100 
ee 25 25 100 
Wace ecinara 17 17 100 
Ricisioe 18 18 100 
Desa cei 23 23 100 
acacia 12 12 100 
Di dacerars 13 13 100 
si siereans 19 19 100 
-. ape eee 7 6 86 
| ee 25 17 68 
|. Saeereye 16 . 44 
ere 25 9 36 
> nee 21 4 19 
ne 25 15 60 
ree 5 2 40 
(er 13 4 31 
(+ 11 4* 36 
_. ee 13 0 0 
a 8 0 0 
BG a sheiats 15 0 0 
. er 19 0 0 
* All died early. 
there is apparently much variation 


among individual mallard hens in their 
ability to retain viable spermatozoa. 
However, all the females may not have 
copulated on the day prior to isolation 
for it has been shown (Philips, 1917, 
1918; Upp, 1927) that some hens in a 
flock copulate much more frequently 
‘than do others. Hence spermatozoa re- 
tained by some of the female ducks may 
already have been somewhat stale on 
the first day of isolation while in others 
they may have been quite fresh. 

A further significant effect of long 
isolation of the female may be reduction 
in hatchability of eggs fertilized by stale 
sperm, as shown for chickens by Crew 
(1926) and Dunn (1927). Data concern- 
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Isolated June 5 
Number Number Percent 
of Eggs Fertile ‘Fertile 
14 11 79 
4 3 75 
16 13 81 
8 6 715 
5 3 ) 
24 17 71 
10 8 80 
Fj 5 71 
3 2 67 
10 6 60 
2 0 0 
2 1 50 
2 0 0 
0 0 0 





ing this point are available from our 1949 
work as shown in Table 5. This makes 
clear that hatchability declines less 
during the second week of isolation than 
does fertility, but that eggs laid during 
the third week are very unlikely to 
hatch. 

Discussion: From these experiments 


TaBLeE 5—DeEc.LINE IN HaATCHABILITY OF EaGs 
LayED DuRING SuccEssIvVvE WEEKS AFTER 
ISOLATION OF THE HENS—1949 


~ Percent of 





Eggs Percent Fertile Eggs 

Week Layed Fertile that Hatched 
Bessy 136 100 73 
ape 138 57 64 
eee 84 é 0 
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with domestic mailards we may con- 
jecture that among ducks in general the 
laying of a second fertile clutch of eggs 
would require the presence of a drake. 
In the wild, however, the hen’s mate 
is not always present when the nest is 
destroyed. Hochbaum (1944: 52) 
pointed out that most hens are deserted 
by their drakes shortly after the start 
of incubation that these drakes 
form bands which may move to other 
areas to molt. (1951: 159) re- 
ported that mallard, pintail, and gad- 
wall drakes desert their hens a few days 
after the clutch is completed while male 
shovellers and blue-winged teal may re- 
main paired well into the period of in- 
cubation. Bent (1925: 156) states that 
the male ruddy duck is often seen in 
company with female and brood. This 


has 


and 


Sowls 


phenomenon has been noted occasionally 
in several species of dabbling ducks, but 
in most cases it would be necessary that 
the hen find a new mate if she were to 
renest. 

Before this new attempt to nest can 
be made there is a delay which Sowls 
(1949) has named the “‘renesting inter- 
ral’? and which he defines as that period 
from destruction of the first nest until 
laying of the first egg in the second nest. 
This interval is directly proportional to 
the stage of incubation when nest de- 
struction occurs, never being less than 
four days if incubation has been started. 
This delay further reduces the possi- 
bility of a hen laying a second clutch 
without remating. 

This need for a new mate seems to 
explain why renesting hens solicit the 
interest of another drake by again start- 
ing courtship flights (Sowls 1949). It is 
assumed that most drakes which leave 
their hens enter eclipse plumage and are 
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sexually inactive. Extra or unmated 
males retain their nuptial plumage 
longer than paired drakes and are prob- 
ably sexually active. It then seems prob- 
able that these drakes are essential to 
supply mates for hens which have lost 
their nests after being deserted. 

It has been postulated that sex ratio 
disparities in ducks are abnormal and 
possibly characteristic of decadent spe- 
cies such as the heath hen (Leopold 
1933: 110) or that they are a man-made 
phenomenon resulting from differential 
mortality from shooting (Hochbaum 
1944: 150). 

It has also been suggested that sex 
ratio disparities are a natural phenome- 
non resulting from differential mortality 
of sexes on the breeding grounds (Leo- 
pold 1933: 339, Mayr 1939, MelIlhenny 
1940, Hochbaum 1944: 151). 

Although extremely unbalanced sex 
ratios may be, in part, the result of un- 
natural influences, we should like to 
postulate that a disparity in duck sex 
ratios is a natural phenomenon essential 
to high productivity and ultimate sur- 
vival. 

Among gallinaceous species it seems 
clear (Shick: 1947) that pheasants could 
lay a second fertile clutch after loss of 
the first nest and without having to re- 
mate. If the wild turkey hen equals in 
performance her domestic relative, she 
could go through an entire season and 
make several renesting attempts in the 
absence of further relations with a tom. 
However, neither of these species may 
be psychologically able to renest and 
the stimulus of 


start laying without 


remating. 


SUMMARY 


1. During three spring laying sea- 
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sons, a total of 107 female domestic 
mallard ducks were isolated from all 
drakes after running with them for a 
week or more. 

2. Eggs from these hens were gathered 
daily, marked and stored at 55° F. They 
were set in forced-draft incubators at 
regular intervals and candled on the 
fourth day of incubation. Eggs appar- 
ently infertile were broken and examined 
to detect early embryonic death in fertile 
eggs. 

3. The duration of the fertile period 
was thus determined for the flock col- 
lectively during the first two years and 
for each hen individually during the 
last year. 

4, Female ducks often skipped 1-2 
days without laying, then resumed lay- 
ing of fertile eggs. Some females layed 
1-3 apparently infertile eggs between 
fertile ones. Hence an individual record 
was considered complete only when 5 
successive infertile eggs were secured 
after the last fertile egg was layed. 

5. Among 1,466 eggs examined in the 
course of these experiments the fertility 
of those layed during the first week of 
isolation was 64%, during the second 
week 37% and during the third week 
only 3%. 

6. During 4 periods of isolation, the 
last day in which a fertile egg was pro- 
duced by any member of the flock was 
12, 14, 15, and 17 days. 

7. During the third year of the ex- 
periment, when the laying hens were 
individually housed and the duration of 
fertility determined for each female, 


considerable variability was found. Some 
hens stayed fertile only 6 days, others 
14 days. This may, in part, reflect the 
recency of acceptance of the drake by 
the hen prior to isolation. That is, some 
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hens may have begun the isolation period 
with sperms already a week old. 

8. Hatchability of fertile eggs layed 
during the first week of isolation from 
drakes was 73%, during the second week 
it was 64%, and of the few fertile eggs 
layed the third week none hatched. 

9. If wild ducks are like tame mal- 
lards it would be quite impossible for a 
female abandoned by her drake to re- 
nest and lay fertile eggs without remat- 
ing. This provides the distinct implica- 
tion that the sex ratio disparities so 
often reported for ducks may, at least 
in part, be natural rather than induced 
by man and his gunning practices. It is 
further suggested that a preponderance 
of drakes is not only normal but essen- 
tial to species survival. The excess, un- 
mated drakes can provide the new mate 
required by an abandoned hen in order 
that she may make a second nesting 
attempt in the same season. 


LITERATURE CITED 

BarFurtH, D. 1895. Versuchs iiber die per- 
thenogenetische Furchung des Hiihnereis. 
Arch. EntwMech., 2: 303-351. 

Bent, A. C. 1925. Life histories of North 
American wild fowl, Order Anseres (Part 
II) U. S. Nat. Mus. Bull. 130, 376 pp. 

CHAPPELLIER, A. 1917. A propos de la durée 
du pouvoir fecundateur des sperma- 
toyoides chez les oiseaux. Bull. Soc. Nat. 
d’Acclimation France, 64: 21-29. 

CuueBaAroFF, G. S. 1930. The fertilization 
of the hen’s egg. Fourth Poultry Congress 
(World’s), 6-12. 

Crew, F. A. E. 1926. On fertility in the do- 
mestic fowl. Proc. Roy. Soc. Edinburgh. 
46: 230-238. 

Curtis, V. 1928. A study of the duration of 
fertility in poultry. Proc. Iowa Acad. 
Sci., 35: 345-346. 

. and W. V. Lampert. 1929. A study 

of fertility in poultry. Poult. Sci., 8: 142- 

150. 














502 


DuaMaRAJAN, M. 1950. Effect on the embryo 
of staleness of the sperm at the time of 
fertilization in the domestic hen. Nature, 
London, 165: 398. 

Dunn, L. C. 1927. Selective fertilization in 
fowls. Poult. Sei., 6: 201-214. 

Etrorp, F. C. 1915. Decrease of fertility 
after removal of male. Canad. Exp. Farms 
Rep. 28: 1, 116-1, 117. 

Fronpa, F. M. 1926. Studies on the fertility 
of the hen’s egg. Philippine Agric. 15: 
349-360. 

Hocuspaum, H. A. 1944. The canvasback on 
a prairie marsh. Amer. Wild. Institute, 
Washington, D. C. 201 pp. 


JAMESON, Rev. 1821. Observations on the 
hatching of fowls from eggs which have 
been laid subsequent to the death of the 
male bird. Edinb. Phil. Jour. 5: 355-357. 


Jarvis, L. G. 1898. Report of the manager of 
the poultry department. Rep. Ont. Agric. 
Coll. Guelph, pp. 193-196. 

Kavupp, B. F. 1918. Fertility experiments. 
Jour. Amer. Assoc. Poult. Husb., 5: 53-54. 

Lauriz, D. F. 1919. Fertilization of the hen’s 
egg. Jour. Dept. Agric. 5. Aust., 22: 459- 
464. 

Leopo.tp, A. 1933. Game Management. Chas. 
Scribner’s Sons. N. Y. 481 pp. 

Lorenz, F. W. 1950. Onset and duration of 
fertility in turkeys. Poult. Sei., 29: 20-26. 

Marspben, 8. J., and J. H. Martin. 1945. 
Turkey management. 3rd ed., Interstate, 
Danville, Ill., 758 pp. 

Mayr, E. 1939. The sex ratio in wild birds. 
Amer. Nat. 73: 156-179. 

MclIztuHenny, E. A. 1940. 
birds. Auk 57: 85-93. 


NaLBANDoy, A., and L. E. Carp. 1943. Effect 
of stale sperm on fertility and hatchability 
of chicken eggs. Poult. Sci., 22: 218-226. 


Sex ratio in wild 


Nicouawes, C. 1934. Fertility studies in 
poultry. Poult. Sei., 13: 179-183. 


JOURNAL OF WILDLIFE MANAGEMENT, VOL. 18, No. 4, OcToBER 1954 


ParKeEr, J. E., F. F. McKensig, and H. L. 
Kempster. 1942. Fertility in the male 
domestic fowl. Univ. Mo. Agric. Sta. 
Research Bull. 347. 


PEARL, R., and F. M. Surrace. 1909. The 
fertility and hatching of eggs. Maine 
Agric. Exp. Sta. Bull. 168. 


Puiuips, A. G. 1917. A brief study of the 
mating habits of fowl with a test of the 
nature of a single mating. Jour. Amer. 
Assoc. Poult. Husb. 4: 30-31. 


1918. Preferential mating of fowls. 
Jour. Amer. Assoc. Poult. Husb. 5: 28. 


Rippie, O., and E. H. Benre. 1921. Studies 
on the physiology of reproduction in 
birds. IX. On the relation of stale sperm 
to fertility and sex in ring doves. Amer. 
Jour. Physiol. 57: 228-249. 


Suick, C. 1947. Sex ratio-egg fertility rela- 
tionships in the ring-necked pheasant. 
Jour. Wildl. Mgt., 11: 302-306. 

Scort, H. M. 1937. Turkey production in 
Kansas. Kans. Agric. Exp. Sta. Bull. 276. 

Sownts, L. K. 1949. A preliminary report on 
renesting in waterfowl. Trans. N. Amer. 
Wildl. Conf., 14: 260-275. 


—, 1951. A study of the ecology and 
behavior of some surface-feeding ducks. 


Unpub. Ph.D. thesis, Univ. of Wis. 


C. W. 1927. Preferential 
fowls. Poult. Sci., 7: 225-232. 


Upp, mating of 


Waite, R. H. 1911. The persistence of fertility 
after the male has been removed from the 


breeding pen. Maryland Agric. Exp. Sta. 
Bull. 157. 


Watton, A., and E. O. WuetuHam. 1933. 
The survival of the spermatozoan of the 
domestic fowl. Jour. Exp. Biol., 10: 204— 
211. 

WarreEN, D. C., and L. Kivparricx. 1929. 
Fertilization in the domestic fowl. Poult. 
Sei., 8: 237-256. 


Accepted for publication August 24, 1953. 








of 








THE UTILITY OF BREAK-BACK TRAPS IN POPULATION 
STUDIES OF SMALL MAMMALS 


C. David Fowle and R. Y. Edwards 


Ontario Department of Lands and Forests, Maple, Ontario 


Ordinary “snap” or “break-back’”’ 
traps are so extensively used in small 
mammal population studies that their 
suitability is seldom questioned. Indeed, 
their usefulness and efficiency have been 
regarded so highly that the problem of 
developing ‘‘a better mouse-trap” has 
been looked upon as more or less in- 
soluble. Students of small mammal 
populations are constantly faced with 
the problem of dealing with populations 
composed of several species with vary- 
ing habitat requirements and _ habits. 
These populations, although hetero- 
geneous both in species and behaviour 
patterns, are almost always sampled 
with a single type of trap. The suit- 
ability of the traps for taking any or all 
species has not been evaluated, although, 
as Edwards (1952) has pointed out, 
most trappers of small mammals feel 
that some species are easier to take than 
others. Thus, a bias in sampling for 
population composition is immediately 
apparent. Apart from these difficulties 
involving selectivity, there is a further 
consideration in the efficiency of the 
trap in taking any animals at all. When 
a trap is set and is later found to con- 
tain an animal, there is positive proof 
that the animal was present, but when 
the trap is found to be empty one is left 
to speculate as to whether this means 
a real absence of animals or simply that 
the animals have in some way avoided 
the trap. It can reasonably be supposed 
that often an animal may pass a trap 
without being attracted to it by reason 


of failure to sense the bait or because 
other factors are holding its attention 
at the time. Young et al. (1952) have 
suggested that there is considerable in- 
dividual variation in response to traps 
in populations of house mice (Mus 
musculus). In order to put some of 
these speculations to the test, the ex- 
periments here described were devised. 


METHODS 


In the course of small mammal studies 
carried out at the Ontario Department 
of Lands and Forests’ Wildlife Research 
Station in Algonquin Park, Ontario, 
over 4,000 small mammals have been 
trapped during the summers of 1945- 
1951. The species involved include: 


Parascalops brewert (Bachman) Brewer’s mole 
Condylura cristata (L.) Star-nosed mole 
Sorex cinereus Kerr Cinereus shrew 
Sorex fumeus Miller Smoky shrew 
Sorex palustris Richardson Water shrew 
Microsorex hoyi (Baird) Pigmy shrew 
Blarina brevicauda (Say) —Short-tailed shrew 
Tamias striatus (L.) Eastern chipmunk 
Eutamias minimus (Bachman) 
Western chipmunk 
Peromyscus maniculatus (Wagner) Deer mouse 
Synaptomys coopert Baird Lemming mouse 
Clethrionomys gapperi (Vigors) 
Red-backed mouse 
Microtus pennsylvanicus (Ord) Meadow mouse 
Zapus hudsonius (Zimmermann) 
Meadow jumping mouse 
Napaeozapus insignis ( Miller) 
Woodland jumping mouse 


These animals were taken in live- 


traps, snap-traps, and  water-traps 
(Clarke, 1938; Prince, 1941), but the 
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majority were caught in snap-traps. A 
rariety of baits was used but usually 
cheese or a mixture of rolled oats and 
peanut butter was employed. 

A water-trap is simply a metal pail or 
other water-tight container sunk into 
the ground so that the lip is flush with 
the surface. A few inches of water in the 
bottom serves to drown animals falling 
into it. No bait is necessary. Experience 
showed that these traps were fairly 
useful in taking shrews and jumping 
mice but were of little value for deer 
mice, red-backed mice and most other 
species. 

Since the shore of a lake provided a 
convenient site for the experiment and 
since animals had been caught there, it 
was decided to use in this location a 
combination of water-traps and snap- 
traps to test the efficiency of the latter. 
The general plan was to surround a row 
of water-traps with snap-traps in such 
a way that animals caught in the water- 
traps would have to pass the snap-traps 
before falling into the pails. In this way 
some measure of the efficiency of snap- 
traps could be obtained. 

Experiment I was begun on July 25 
and ended on September 22, 1947. On 
the first day, eight galvanized iron pails 
of 10-inch diameter were sunk into the 
ground in a line lip to lip and flush with 
the surface across a narrow open beach, 
in order to form an almost complete 
barrier from the water’s edge to the 
dense shrub growth at high water mark. 
By August 10 the lake had receded so 
that three more buckets were necessary 
to close the gap to the edge of the lake. 

On August 12 two snap-traps baited 
with cheese were placed one on each 
side of the row of buckets and four feet 
from the lip of the centre bucket. On 


August 14, four more traps were simi- 
larly placed opposite buckets 3 and 9, 

On August 20, eight snap-traps were 
added at equal distances between those 
already placed, thus increasing the num- 
ber of traps to 14—seven on each side. 
On September 2 all traps were replaced 
with new ones and their number was 
increased to 35. These formed an oval 
around the line of buckets approximately 
three feet from the lips of the centre 
bucket and one foot from the last bucket 
at the edge of the lake, and about three 
inches from that at the other end. The 
traps averaged 11 inches apart from 
treadle to treadle. Finally, on September 
14, another oval of 60 traps was placed 
about four feet outside the first oval, 
with traps at 11-inch intervals. Traps 
were kept freshly baited with cheese at 
all times. 

Experiment II was run from Septem- 
ber 14 to 22, using five pails and 23 snap- 
traps baited with a mixture of peanut 
butter and rolled oats and set two feet 
from the pails. Traps were again 11 
inches apart. 

Experiment III, similar to the other 
two, was set up between June 21 and 
August 16, 1948, using 16 snap-traps— 
eight on each side of a row of eight 
buckets. The snap-traps were baited 
with cheese until August 4 when they 
were replaced with new ones baited 
with peanut butter. 

RESULTS 

The results of these experiments in 
terms of animals caught in water-traps 
and snap-traps are shown in Table 1. 

In Experiment I, 37 animals were 
taken when both buckets and snap-traps 
were used, three of which were captured 
in the snap-traps. All the rest passed 
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TABLE 1.—CoMPARISON OF CATCH IN WATER-TRAPS AND SNAP-TRAPS 














Catch in water-traps 





Catch in snap-traps 
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the traps and were taken in the buckets. 
This is particularly impressive when it 
is noted that the three animals taken in 
the buckets during the last week had to 
pass through two lines of traps. The 
Zapus taken in this period in a snap-trap 
was caught in the inner oval. Any ani- 
mal, except possibly jumping mice which 
may have vaulted over trap lines and 
landed in the buckets, had to pass within 
at least 53 inches of treadles of snap- 
traps. No claim is made that all animals 
that passed through the trap lines were 
taken in the pails. The fact that those 
taken in the pails must have passed the 
traps, is in itself significant. Similar re- 
sults were obtained in the other two 
experiments. 

It would appear from these experi- 
ments that snap-traps combined with 
the baits commonly used are somewhat 
less efficient in taking some small mam- 








mal species than might be supposed. 
In Experiment I, for example, at least 
37 animals passed along the beach from 
August 13 to September 22, but if only 
a routine line of widely spaced snap- 
traps had been employed, apparently 
few, if any, would have been taken. 
Indeed, no animals were taken in snap- 
traps until 14 traps about 27 inches 
apart were available. 

Why the animals passed the traps is 
not clear, but three general reasons can 
be suggested. First, the bait was not 
attractive even when detected by the 
animals; second, the bait was of such a 
nature that it was necessary for the 
animals to approach to within an inch 
or two of the trap before they were able 
to sense it; and third, an inherent tend- 
ency for animals to avoid strange or 
new objects in their environments might 
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cause some animals to avoid the traps 
(Young et al., 1952). 

With reference to the first suggestion, 
it can be said that a great many animals 
have been taken during the seven-year 
period in traps baited with cheese or 
peanut butter suggesting that these are 
useful baits but possibly not the best. 
Townsend (1935) found variation be- 
tween species in response to various 
types of bait, suggesting that some baits 
were more useful than others for taking 
certain ones. 

In order to obtain some idea of pos- 
sible bait preference the following ex- 
periments were carried out in 1947. 
Three trap lines were set out, traps being 
set in groups of four. In each group, one 
trap was not baited, and each of the 
remaining three was baited with dry 
rolled oats, cheese or bacon fat. Traps 
were set, treadles out, from a common 
point an inch from the centre, so that 
they formed the arms of a cross. The 
centre was selected more or less at ran- 
dom and the arrangement of the traps 
was varied at each site. Two lines of 
100 traps were maintained for three 
nights, the other 48 traps, for four nights. 
The results are shown in Table 2. 

Note that while most animals were 
taken on cheese, eight were taken in 
traps which were not baited. This sug- 
gests that chance collisions with traps 
may result in catches or in the possi- 
bility that some animals were investi- 
gating trap mechanisms when caught. 
In this particular experiment, baited 
traps adjacent to unbaited ones may 
have attracted animals in the first in- 
stance, as was probably the case in the 
experiments carried out by Townsend 
(1935). In the present case, catches in 
unbaited traps can in part be explained 
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TABLE 2.—Bait PREFERENCE EXPERIMENT 


Species Number Trapped 


Bacon No 

Cheese fat Oats bait 
Parascalops.. 0 0 0 1 
Blarina...... 15 2 4 5 
Peromyscus.. 1 0 1 0 
Napaeozapus 1 0 0 2 
Clethrionomys 1 0 0 0 


18 2 5 8 


on the basis of habits of the animals 
involved. The trap which took the mole 
was probably set unknowingly in a run- 
way. The jumping mice could have 
accidentally jumped into traps without 
preliminary investigation of the bait. 
‘ailure to take Peromyscus or Clethri- 
nonmys can be assigned to the more 
‘autious movements of these species, 
particularly Peromyscus. Very few were 
ever taken in water-traps, probably be- 
cause they move more slowly using their 
vibrissae and “feeling their way along’, 
as it were. The comparative numbers of 
animals taken in water-traps during 
summers of 1947, 1948 and 1949 are 
shown in Table 3. The figures are not 
directly comparable from year to year, 
owing to a variation in number of traps 
used and difference in location. How- 
ever, the general tendency to take more 
shrews and jumping mice than other 
species is shown. Some of the differences 
between species can, of course, be ac- 
counted for in actual differences in the 
proportions in the total small mammal 
population. The effectiveness of the 
water traps for Blarina, for example, 
was well demonstrated in 1947 when 
Blarina were extraordinarily abundant 
to the extent that they constituted 
about 65 per cent of animals trapped. 
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TaBLeE 3.—CompParIsoN OF CatTcH IN WATER- 
TRAPS BY SPECIES 
Year 
Species 1945 1946 1947 Total 
Condylura cristata .... 0 ] 1 2 
Sorex cinereus ....... 1 2 2 8 
Sorex fumeus......... 3 6 0 9 
Sorex palustris........ 0 0 2 2 
Microsorex hoyt....... 1 1 3 5 
Blarina brevicauda.... 1 2 32 35 
Peromyscus maniculatus 2 0 4 6 
Synaptomys coopert... 0 0 1 1 
Clethrionomys gappert. 0 0 1 1 
Microtus pennsylvanicus 0 1 t 5 
Zapus hudsonius...... 16 21 58 95 
Napaeozapus insignis. 4 10 16 30 
199 


31 44 124 
This was not indicated by very small 
catches in 1945 and 1946 when Blarina 
made up only about 1.5 per cent and 
5.1 per cent respectively of the total 
catch of all species. In the case of Sorex 
fumeus, more were taken in water traps 
than by any other method. The same 
can be said for Zapus. 

In considering Blarina, some observa- 
tions on captive animals may help to 
explain the trapping results. In order to 
observe responses of Blarina to traps, 
a pit lined with sheet iron and concrete 
five feet by five feet and three feet deep 
was constructed. The bottom was cov- 
ered with a litter of leaves and debris 
from the forest floor. Live Blarina were 
observed from a platform extending over 
the pit. On three occasions during a 
period of 5} hours, unset snap-traps 
were placed side by side in the pit and 
the reactions of shrews observed. One 
was left unbaited and the other three 
were baited, one with cheese, one with 
bacon fat and one with dry rolled oats. 
New traps were used during the first 
trial and were used again for two later 
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trials. Each trap was baited with the 
same bait in all trials. Each time the 
traps were visited by captive shrews 
they were rearranged to change the 
order of baits. 

A shrew was observed 19 times within 
one inch or less of the traps, but on only 
10 occasions did it eat the baits, usually 
sampling more than one on each occa- 
sion. On six occasions bacon fat was 
eaten first, and on two occasions, second; 
cheese was eaten first four times and 
second, four times. Only once did the 
animals eat rolled oats. 

At no time was it necessary to re- 
plenish bacon grease or oats on traps. 
On the other hand, cheese was usually 
entirely consumed at the first encounter. 
When the animals went first to bacon 
fat and then to cheese, they ate all the 
cheese and then, although at times they 
returned to fat, they were still interested 
in the trap that had been baited with 
cheese. Twice they were observed chew- 
ing the metal treadles of the traps after 
all the cheese had been eaten. These 
observations support those in Table 2 
and suggest that cheese may be more 
highly favoured by Blarina than the 
other baits used. 

On only one occasion did any of the 
captive animals pay particular attention 
to an unbaited trap, when one examined 
the spring. However, on nine occasions 
animals ran over all four traps, paying 
no attention to the baits. Had any of 
them been set, regardless of bait, the 
animals probably would have _ been 
caught. 

Additional observations were made 
on activity of Blarina in connection 
with an experiment in which a water- 
trap filled to within an inch of the top 
with water, was set in the observation 
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pit. A number of times captive animals 
were seen to run over the lip of the 
bucket, swim rapidly to the opposite 
side and continue on their way with 
scarcely a reduction in speed or devia- 
tion from course across the pit. Had 
there been only an inch or two of water 
in the bucket undoubtedly they would 
have fallen in and drowned. The sig- 
nificant point is that the animals seldom 
appeared to recognize the bucket as any 
sort of obstruction, nor did they pause 
to investigate it in their rapid and more 
or less random movements about the 
floor of the pit. 

To provide additional data on 
“chance” catches a sample of the ani- 
mals taken on trap lines during the 
summer were recorded as being ‘‘on 
bait” or “not on bait.’’ Only those ani- 
mals which were in such positions in 
traps to indicate that they had not tried 
to eat the bait were recorded as ‘‘not on 
bait.’”? Examples of this tvpe were those 
animals caught by the tail, hind foot, 
hip, or the Animals 
which had attacked bait often had some 
in their mouths or were caught with 
their heads over baited treadles. The 
results of classifying 336 animals in this 


across sacrum. 


way is shown in Table 4. 


TABLE 4.—ANIMALS ‘On Bait” AND 
‘“‘Nor On Bair” 


On bait Notonbait Total 


48 (20Z) 














Blarina..... 188 (80%) 236 
Peromyscus. 51 (69%) 23 (31%) 74 
Napaeozapus 14 (54%) 12 (46Z) 26 

253 (76%) 83 (24%) 336 





Almost a quarter of the animals in 
the sample were caught before they at- 
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tempted to eat bait. However, the data 
are not consistent with other observa- 
tions in that a somewhat higher propor- 
tion of Peromyscus are in the “not on 
bait”? class than would be expected on 
the basis of their more cautious move- 
ments compared to the erratic behaviour 
of Blarina. On the basis of observations 
on captives we expected a higher propor- 
tion of Blarina in this class. 


SUMMARY 


The experiments described were de- 
signed to test the utility of ““break-back”’ 
or snap-traps in investigations requir- 
ing a reliable method for capturing small 
mammals. It is shown that, under the 
conditions of the experiments, the num- 
bers of animals taken may not bear any 
relation to the numbers of animals pass- 
ing over the area where traps are 
located. Failure of traps to take ani- 
mals actually present may be explained 
by ineffectiveness of bait or by the 
tendency of animals to avoid new and 
strange objects. 
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The roundworm parasite, genus 
Amidostomum, occurs as an adult under 
the horny lining of the avian gizzard. 
It was originally described from domes- 
tic geese in Germany by Zeder in 1800, 
and has since been reported as a cause 
of extensive losses among these birds 
in Europe. Typical symptoms are loss of 
appetite, anemia, and emaciation. This 
syndrome could result from the com- 


bined effects of loss of blood, toxic 
effect of parasite upon host, and 
digestive disturbances brought about 


by improper functioning of the diseased 
gizzard. The clinical pathology of the 
infection has been discussed by Bunyea 
and Creech (1926). 

The first North American record of an 
outbreak involving A. in do- 
mestie geese from York 
State (Cram 1925, 1926). then 
outbreaks have been reported from 
Washington (Jerstad, 1936, and Adler 
and Moore, 1948), from Maryland 
(Farr and Wehr, 1952), and from 
Canada : (Oliver, 1952, and McCraw, 
1952). 

Gizzard first reported 
from wild Canada geese (Branta cana- 
densis) by O’Roke (1928) who recorded 
Amidostomum sp. from this host, and 
several other species of native 
and ducks taken in California 
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during the hunting season. In the 
summer of 1926 Wickware (1930, 1941) 
reported the occurrence of Amidostomum 
large numbers in several 
Canada goose goslings which died at a 
game sanctuary in western Ontario. 
Light infections with A. 
found by Jerstad (1937) in two Canada 
geese and a lesser Canada goose (Branta 
canadensis leucopareia) collected in the 
Washington. Wehr (1933) 
reported A. spatulatum from a Canada 
goose taken in New York State. 

Since 1948, we have had an oppor- 
tunity to examine gizzards of a large 
series of Canada geese coming from 
several localities in the United States, 
but mostly from birds wintering along 
the coast of North Carolina. Part of 
the findings of these examinations have 
been published in a paper dealing with 
occurrence of Amidostomum  anseris 
in young Canada geese (Wehr and 
Herman, 1953). The present paper 
summarizes information on distribution 
and variation in incidence of this 
parasite in Canada geese. 

Several subspecies of Branta cana- 
densis are recognized, but in much of 
the winter range there is considerable 
overlapping in the distribution of the 
various races. For this reason it was not 
feasible to differentiate subspecies in 


anseris in 


anseris were 


state of 
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recording the data reported in this 
paper. 

Table 1 lists the prevalence of gizzard 
worms in Canada geese examined by the 
authors during 1948-1953. This shows 
that Amidostomum is of frequent oc- 
currence. Only a few worms were found 
in gizzards of geese from most of the 
areas studied. However, in some cases 
hundreds of Amidostomum were ob- 
served in individual geese. All worms 
examined from a representative sample 
of those collected were identified as 
A. anseris. 
the 
most common parasite in Canada geese. 
It is probably present in all races of this 
species, since we have found it in birds 
from all the major flyways. The worms 
have a direct life cycle, requiring no 
intermediate host. As pointed out by 
Wehr and Herman (op. cit), one might 
expect a parasite of this nature to have a 
distribution paralleling that of the 


Canada goose. At the same time the 


Amidostomum appears to be 


TABLE 1. 
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authors presented evidence that geese 
may become infected with this parasite 
during the first week or two after hatch- 
ing. Since the life cycle is direct, and 
infection is produced by the birds eating 
infective larvae, the density of goose 
population and prevalence of carriers 
are important factors governing the 
incidence and intensity of infection. 
Weather and soil condition influence 
survival and hatching of eggs and 
growth of larvae of Amidostomum. 
Under optimum conditions, the in- 
fective stage is reached after a period 
of about one week. 

The only data available on occurrence 
of Amidostomum in Canada geese on 
their breeding grounds are those pre- 
sented by Wehr and Herman (op. cit.) 
for the Seney National Wildlife Refuge 
in northern Michigan. Some of the 
goslings from this area were infected 
early in life. It is not known whether 
transmission occurs among Canada geese 
in winter habitat. 


OcCURRENCE OF Amidostomum IN CANADA GEESE, 1948-1953 


Percentage 


Place No. Examined No. Infected Infected 
Pea Island, N. C. 329 318 98.0 
Lake Mattamuskeet, N. C. 106 a 49.0 
Currituck Sound, N. C. 19 6 32.0 
Ansonville. N. C............ 32 8) 28.0 
St. Marks, Fla. BRS Re ok 5 } 80.0 
Wilmington, Del....... oc l | 100.0 
Back Bay, Va. neath 39 30 te 
Blackwater River Marshes, Md. 39 38 97 .0 
Bombay Hook Marshes, Del. s 6 75.0 
Seney Marshes, Mich.......... 26) 6 35.0 
Bear River Marshes, Utah id 12 41.0 
Swan Lake, Mo. ts BEC cc he 6 6 100.0 
Sand Lake, 8S. Dak. 4 Zz 50.0 
Horicon Marshes, Wisc... . a 2 100.0 
Turnbull Sloughs, Wash. 12 11 91.0 
Forked River, N. J. 2 2 100.0 
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, PATHOGENICITY AND SIGNIFICANCE 
anseris is considered 
a significant pathogen in domestic geese 
in Europe, and several outbreaks have 
been reported from domestic goose 
flocks in North America. Wickware’s 
report of mortality in Canada goose 
goslings is the only previous report of 
losses from Amidostomum in this host. 

There is evidence that in some local- 
ities Amidostomum plays a much more 
important role as a pathogen than 
in others. Our investigations were initi- 
ated as part of a study on causes of 
periodic losses which have occurred at 
the Pea Island National Wildlife Refuge 
in North Carolina. 


Amidostomum 


In the Canada we have 
amined, pathological changes frequently 
were observed in the gizzard. Although 
erosion of the gizzard lining has been 
evident even when small numbers of 
worms were present, the extent of its 
occurrence not constant. How- 
ever, when the number of worms ex- 
ceeded 150 extensive erosion was usually 
present. In the bird with most worms 
(1,537) the gizzard completely 
denuded of its lining. All birds with 
heavy infections were thin or emaciated 
and most of those with fewer worms 
showed evidence of loss of weight. 


geese €X- 


was 


was 


Of the Canada geese examined, there 
were few in which the occurrence of 
these parasites alone could account for 
weakness or ultimate death. Many 
birds also harbored other parasites. 
The combined parasite burden, coupled 
with adverse conditions of habitat and 
competition for existence among winter 
populations of Canada geese places 
Amidostomum more in the category of a 
contributing factor to, than the primary 


511 
cause of losses. Mortalities among 
wintering Canada geese at Pea Island 
have occurred with varying intensity 
for at least several decades. These 
losses seem to occur in cycles, but exact 
data for earlier years are not available. 
Unpublished reports indicate that the 
last severe mortality occurred in the 
winter of 1948-1949. Snow geese (Chen 
hyperborea), which spend part of the 
winter in the same area, appear not to 
be affected, although a few of these 
worms were found in their gizzards. 

In a comparative study of occurrence 
of Amidostomum in wintering geese 
in Atlantic Coast areas, intensity of 
infection much greater at Pea 
Island where severe winter losses have 
been reported. In the last period of 
heavy losses at Pea Island, the winter of 
1948-1949, several hundred geese died. 
The total loss for this period, however, 
represented less than 10 per cent of the 
estimated peak population of Canada 
geese wintering on the area. Following 
this die-off the annual loss has been 
progressively lower. In 1950-1951, 164 
sick or dead birds were collected or 
observed among an estimated 10,000 
peak population; in 1951-1952, with a 
peak population of 7,000—-8,000 Canada 
geese, 52 sick or dead birds were found; 
and in 1952-1953, 23 dead birds were 
reported from a wintering population 
that reached a peak of 5,000 to 7,000 
birds. 

Quantitative studies of the gizzard 
worms in geese from Pea Island and 
other areas made during the 
winter of 1950-51 and the two succeed- 
ing years. The findings in Pea Island 
geese as compared with those obtained 
from other areas, where sufficient num- 
bers of birds were examined to permit 


was 


were 
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statistical analysis, are presented in 
Table 2. The mean number of worms was 
considerably higher in gizzards of geese 
from Pea Island than from other areas 
studied. These figures are statistically 
significant. They indicate that there is 
little difference between the samples 
from Pea Island for the three years but 
that there has been a greater intensity 
of infections at Pea Island than in the 
other areas. 

In the opinion of the authors, Amidos- 
tomum infection in wintering Canada 
geese is not often, in itself, the cause of 
death, Only in a bird having over 1,500 
worms in its gizzard wall did we con- 
sider this parasite to be the primary 
sause of poor condition. However, the 
extensive erosion of gizzard lining noted 
repeatedly indicates that these worms 
adversely affect the health of the geese. 

Amidostomum is known to occur in 
very young Canada geese (Wehr and 
Herman, op. cit.) and it is known to be 
pathogenic in domestic juvenile geese. 


TABLE 2. 
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These facts would lead one to conclude 
that the worms are potentially greater 
hazards to young than old _ birds. 
Wintering geese may be the most 
resistant survivors of a heavily infected 
gosling population. Some birds which 
survive heavy initial worm burdens 
may succumb on wintering grounds 
from rigors of migration and competi- 
tion for food. Losses at Pea Island have 
been predominantly in younger birds 
and most of those with heavier infection 
were birds of the year or at least classi- 
fied as immature (less than 23 


old). 


years 
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CoMPARATIVE INCIDENCE AND INTENSITY OF INFECTIONS OF Amidoslomum IN THE 


G1zZARDS OF CANADA GEESE FROM PEa ISLAND, N. C. AND OTHER AREAS 


Date and Place 


1950-1951 


Pea Island, N. C. ae 129 

Lake Mattamuskeet, N. C..... 36 

Currituck Sound, N. C........ 19 
1951-1952 

i a i 47 

Lake Mattamuskeet, N. C..... 25 

> ae a eer ere 11 
1952-1953 

Pea Island, N. C.............. 26 

Lake Mattamuskeet, N. C. 15 


Blackwater River Marshes, Md. 38 


No. Examined No. Infected 


Standard 


~ Mean — 
(No. Worms Deviation of 
per bird) Mean 
123 79.74 1.48 
11 1.37 2.67 
6 3. 47 
44 63.8 2.33 
8 2.24 .24 
3 4.9 1.4 
26 77.92 6.6 
15 4.8 . 64 
38 15 


.63 . 66 
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at Pea Island and supplied population 
estimates. 


SUMMARY 


Amidostomum anseris, a roundworm 
which occurs under the horny lining 
of the gizzard in birds, is a widely 
distributed parasite in Canada geese. 
It is also reported from snow geese 
(Chen hyperborea). Although the extent 
of erosion of the gizzard wall by these 
worms is not precisely correlated with 
the number of present, it is 
usually severe in Canada geese when 
150 or more worms are present. 

Gizzard worm infection is considered 
a contributing factor to low weights, 
poor condition and to losses among the 
Canada geese which winter at the Pea 
Island National Wildlife Refuge in 
North Carolina. The mean number of 
gizzard worms per bird is considerably 
higher for Pea Island than for areas 


worms 


where winter losses have not been 
reported. 
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IDENTIFYING POLYGONUM SEEDS 


Alexander C. Martin 


United States Fish and Wildlife Service, Patuxent Research Refuge, Laurel, Md. 


The genus Polygonum ranks high 
among plants important to wildlife. 
Its fairly large seeds (achenes), pro- 
duced abundantly in various types of 
habitat, are encountered frequently in 
studies on foods of ducks, geese, bob- 
whites, prairie-chickens, and _ other 
gamebirds. Also they are eaten by many 
kinds of songbirds and rodents. 
Distinctive combinations of shape, 
size, and surface characteristics make it 
possible to identify most Polygonum 
seeds to species. However, the process 
To aid 
deter- 


9 


sp., 


is not always easy and sure. 
wishing to 
beyond 
of the 
species, 


technicians 
minations 
twenty-two common or 
important total of 
nearly fifty in this country, have been 
illustrated and keyed. The source of 
specimens studied was the Patuxent 


carry 

“Polygonum 
more 
from a 


Refuge seed collection. 

According to the inclusive concept 
used here, Polygonum embraces several 
major groups which have been recog- 
distinct genera by some 
botanists. Among these 
subgenera, the smartweeds (Persicaria), 
depicted in Figures 2 and 3 along with 
tear-thumb (Echino- 


nized as 
sections or 


two 
caulon), are moist- or wet-soil plants of 
outstanding wildlife— 
particularly to waterfowl. Useful drier- 
land polygonums include the bind- 
weeds (Tiniaria) and knotweeds (Avi- 


species of 


importance to 


cularia), shown in Figure 4. 
Three-angled polygonums can be dis- 
tinguished fairly readily from similarly 


shaped seeds of docks (Rumex) and 
sedges (Carex). As indicated in the 
cross-section drawings of Figure 1, 
polygonums have their embryo stalk 
extending along one of the angles, 
docks have theirs along the middle of 
one side, and sedges, bulrushes and 
other Cyperaceae do not show their 
basal embryo at all in median cross- 
sections. Additional characteristics help 
distinguish these genera from _ poly- 
gonums. Docks (except R. acetosella) 
can usually be recognized by their 
shiny-brown coats and acute angles: 
sedges and bulrushes are different in 
their straw-colored to brown, woody- 
appearing walls which have finely striate 
markings on the inner surface. 


Fi mbryo 


POLYGONUM RUMEX CAREX 

Fic. 1. Cross-sections help distinguish 3- 
angled seeds .of Polygonum from those of 
Rumex and Carex. In the latter genus, the 
short, basal embryo does not show in a median 


cross-section. 


Within a single species of Poly- 
gonum, seed shape may vary from 3- 
angled to lens-shaped and color may 
range from brown to black. This is 
especially true of persicaria and puncta- 
tum. In these two species, brown seeds 
are likely to be less mature than black 
ones. Such color significance does not 
necessarily apply to other species. 

In Figures 2, 3 and 4, magnification 


ol4 
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is such that the grid background repre- size but in a few instances drawings 
sents millimeter squares. The drawings of two seeds were made to indicate 
have been based on specimens of average latitude of variation. 


KryY TO SEEDS OF 22 SpectEs oF Polygonum 
Measurements are in millimeters, the figures denoting length x width. Lengths 
cited include style base but exclude calyx remnants. Surface details described are 
as viewed under approximately 7 magnifications. Certain species having seeds that 
vary in shape and shade are keyed in two or more places. It should be remembered 
that the key covers only about half of the polygonums in the United States—the 
more important or common ones. 
Species & 
3-ANGLED Figure No.: 
Black (persicaria, punctatum, and hydropiperoides seeds are 
often brownish when immature) 
Very large, usually about 4x38 mm (32-5 x 3-4); mainly 
ee Te 
Smaller, less than 4x3 
Dull, rough; 3-35 x 23-22; widespread................. convolvulus, 4 
Shiny and comparatively smooth 
Upper and lower halves of seed nearly equal and 
widest point about middle; angles rather com- 
pressed; style base usually not a distinct nipple- 
like point extending beyond body 
Wall 2-layered; usually 2 mm or more broad; 23-3 x 
2-23; northeastern.................-- paces cilinode, 4 
Wall single-layered; usually less than 2 mm broad 
Usually about 1} broad; 23-3 x 13-12; mainly 
western; local in East........................douglasii, 4 
Usually nearly 2 broad; 23-31 x 12-21; often 
slightly asymmetric with one side more concave; 
re dumetorum, 4 
Upper half generally smaller than lower and widest 
point slightly below middle; angles rather 
rounded; style base often a distinct nipple-like 
point extending beyond body 
Angles broadly rounded and faces concave; surface 
with small irregularities or pittings; 2-2} x 
15-2; seeds often lenticular; widespread........ persicaria, 2 
Angles not broadly rounded; faces nearly plane or 
slightly concave; surface smooth though some- 
times cellular 
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About 23 mm long; 23-23 x 13-2; occasionally 


lenticular: widespread...................000. punctatum, 2 (acre) 
About 2 mm long or less; 13-2 x 14-14; eastern, 
particularly common southward...............hydropiperoides, 2 
(inel. setaceum and 
Brown to dark brown or blackish opelousanum) 


Glossy-shiny; immature seeds of persicaria, punctatum, and 
hydropiperoides 
Dull or only slightly shiny 
Apicalend tapering rather abruptly into an acute slender point 
Kqual-sided; angles compressed; surface granular but 
somewhat shiny; light to dark brown or blackish; 
28-3 x 23-3; ensterm... 1.0... 2... eee cee eee sagittatum, 2 
Usually unequally 3-angled, one angle often broadly 
rounded and the other two more acute; dull, 
rough; dark purplish-brown; 2}—3 x 13-2; shape 
varying from triangular to plano-convex, con- 
cave-convex, or biconvex; widespread..........hydropiper, 2 
Apical end tapering or gradually sloping but not with an 
acute slender point 
Angle faces generally unequal—usually one concave and 
narrower 
Small, 2-2} x 1-13; dark purplish-brown; wide- 
i Sica oid Gis ae rola male eae acl ak edo aa aviculare, 4 
Larger, 24-3 x 13-2; light to dark brown; granular- 
rough; mainly western....................0.. erectum, 4 
Angle faces usually (though not always) about equal; 
length variable; 23-4 x 13-2; dark purplish- 
brown; mainly western.......................ramosissimum, 4 
Not 3-ANGLED 
Concave or flattish on both faces: broadly oval to circular 
Distinctly depressed (concave) on both faces 


Thick, 1-2 mm; black; rather shiny; 23-33 x 3-33; local 

NG te ues Ab he OE 4 GEE Noe ortentale, 3 
Thin, barely } mm thick; brown; 2-23 x 13-2; wide- 

PRR RPC Re Rare ane ern ey ae renee Y lapathifolium, 3 


Flattish on both faces, or only slightly convex or concave; 
dark brown to black; 3-33 x 23-33; eastern... .pensylvanicum, 3 


Neither concave nor flattish on both faces 


Plano-convex or concave-convex 
Nearly circular; 23-3 x 21-23; brown to black; resembles 


> =—4 


pensylvanicum; mainly southern...............longistylum, 3 
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Oval or ovate in outline 
Dull; dark purplish-brown—see hydropiper above 
under ‘‘3-angled”’ 
Shiny; varying from brown (mainly immature) to black 
—see persicaria and punctatum above under 
“3-angled”’ 
Biconvex 
Very large, 35 mm wide or wider; 4-5 x 3}-3{; shiny; dark 
brown to black; ensterm....... 2.6.5.6. .0cccces artfolium, : 
Smaller; less than 33 mm wide 
Style base stump-like on broadly rounded shoulders; dull 
to somewhat shiny 
Usually obovate to oval; about 25 mm wide; 23-3} x 
2-23; brown to dark brown; widespread........ coccineum, 2 


Ae 


(muhlenbergit) 
Usually elliptic or subcireular; about 2 mm _ wide; 
23-2? x 2-21; brown to blackish; mainly 
Re ee ee een ee er ey amphibium, 2 
(natans) 
Style base a slender point or else upper part of seed 
tapering, not “broadly rounded” 
Dull, roughened, dark purplish-brown—see hydropiper 
under ‘‘3-angled”’ 
Shiny and comparatively smooth; brown to black 
At least 4} mm long; elongate-ovate, tapering up- 
ward; 34-4 x 24-23; brown to black; base of 
double style often evident; eastern wood- 
I i pic ddis by ae HS Ke virginianum, 4 
Less than 3} mm long 
Mainly ovate and widest below middle; generally 
not equally or symmetrically biconvex; often 
concave-convex or 3-angled; surface with small 
irregularities—see persicaria under ‘3-angled”’ 
Mainly subcireular or elliptic and widest about 
middle 
Faces equally and symmetrically biconvex; rarely 
3-angled; smooth and shiny when mature; 2-3 
x 2-24; mainly Southeastern Coastal Plain.....densiflorum, 2 
(portoricense) 
Faces usually not equally and symmetrically bi- 
convex; often 3-angled; commonly more flattened 
on one face and with one or two lengthwise 
grooves—see punctatum under ‘3-angled”’ 
Accepted for publication August 26, 1953. 
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FIRE AND THE DECLINE OF A 
MOUNTAIN CARIBOU HERD 


R. Y. Edwards 


Parks and Recreation Division, British Columbia Forest Service, Victoria, B: C. 


The mountain caribou (Rangifer arcti- 
cus) has decreased alarmingly through- 
out most of British Columbia. From the 
Kootenays in the south-east corner 
of the province to the Cassiar region in 
the north-west reports are much the 
same except that there is variation as 
to when the declines first occurred. 
Banfield (1949) has noted this con- 
dition in his treatment of the status of 
caribou in America. 

Two features have characterized this 
decline. It has progressed from south to 
north, beginning in the south shortly 
after 1900 (Munro, 1947). In central 
British Columbia it began in the 1930’s. 
The decline in the north appears to be 
quite recent but information from this 
wilderness is not detailed. Secondly, the 
decline has not wiped out most bands 
for which there is information. Appar- 
ently few caribou ranges have had their 
herds completely eliminated. 

Many causes have been suggested 
for this decline, the most frequently 
heard being wolves, hunters including 
Indians, and moose which are said to be 
incompatible with caribou. None of 
these suggestions withstands careful 
scrutiny. Declines have occurred in 
wolf-free areas. The spectacular in- 
erease of moose throughout central 
British Columbia since 1920 has un- 
doubtedly reduced hunting pressure 
upon caribou. Finally, every story of 
moose-caribou incompatibility, when ex- 
amined, is based upon the caribou de- 


cline being concurrent with the moose 
increase, and not upon observation of 
the two species together in the field. 

One of the decreased caribou herds 
inhabits Wells Gray Park (Lat. 52°N, 
Long. 120°W) in the Cariboo Mountains 
of British Columbia. For four years 
wildlife investigations in this park have 
gathered information on this herd, but 
it is difficult to study both from its 
wandering habits and the rough coun- 
try that is its range. The data gathered 
are fragmentary but are sufficient to 
form a general history of the herd when 
combined with information obtained 
from homesteaders who have lived near 
the herd for many years. 


DESCRIPTION OF AREA 


The northern half of Wells Gray 
Park consists of rugged mountains up to 
8000 feet high, with permanent snow- 
fields and large glaciers covering ex- 
tensive areas. Southward the country 
becomes less precipitous with more 
foothill topography and occasional iso- 
lated peaks. The whole area is drained 
by the swift Clearwater River, flowing 
through a broad valley having sides 
oversteepened by glaciation. The head- 
waters of this drainage contain several 
large lakes which are opaque with 
glacial silt. These tend to be long, 
narrow and crowded by mountains. 

The pattern of vegetation in the 
park is complex, due to variations in 
altitude, a longitudinal gradient in 
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922 
precipitation, and results of extensive 
fires. Before fires denuded many of the 
lowest elevations of the valley 
floor and adjacent lower slopes were 


most 


clothed in a mature coniferous forest of 
(Thuja western 
heterophylla), Engel- 


red cedar plicata), 


hemlock 


mann spruce (Picea engelmanni), and 


(Tsuga 


alpine fir (Abies lasiocarpa). This is the 
Columbia Forest of Halliday (1937). 

In dry areas with southern exposure 
in the southern part of the park, the 
humid forest was replaced by one of 
Douglas fir (Pseudotsuga menziesiz) with 
grassy openings. This fir forest occurred 
mainly on exposed sites below 2500 feet. 

At about 4000 feet, the Columbia 
Forest gave way to a sub-alpine forest 
of Engelmann spruce and alpine fir 
which became increasingly open and 
stunted with elevation. At about 7000 
feet, openings enlarged to meadows. 
These kinds: 


thick mats of grasses and sedges, mats 


tended to be of three 
of heathers (Cassiope Spp., Phyllodoce 
spp.), and lush growths of herbs such as 
false hellebore (Veratrum viride), lupines 
anemone (Anemone 


(Lupinus spp.), 


occidentalis), and Indian paintbrushes 
(Castilleja spp.). Rock lichens (Cladonia 
spp. and others) were not common above 
timberline although both the sub-alpine 
and Columbia forests at all elevations 
were hung abundantly with ‘‘tree moss” 
(Alectoria sarmentosa and perhaps other 
species) resembling Usnea. 

Thus was the southern part of the 
park prior to 1926. Most of the lowland 
was in mature except where 
lightning fires of small size had created 


forest 


sera] forests of various ages. 

In 1926 a fire started in the dry 
Douglas fir forest to the south of the 
park, swept north up the Clearwater 
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Valley with explosive intensity, and 
completely denuded some 200 square 
miles of forested land. It missed few 
lowland areas as it removed humus 
from the and completely 
burned boles of mature trees over large 
While it completely denuded 
most of the elevations in the 
park, it did not make much headway in 
the sub-alpine forests on higher slopes. 
More smaller fires have en- 
larged the burnt and reburned 
parts of the old burn. 

Now, 27 years after the major fire, 
the lowlands are grown principally to 
open willow, aspen, and 
birch in a poor, sandy soil generally 
with sparce herbaceous vegetation. Con- 
iferous regeneration is evident mainly 
near the few unburnt coniferous stands, 
although isolated pioneers are scattered 
thinly throughout, mainly as young 
trees less than ten feet high. 

In all, 60 per cent of the vegetation 
below 4000 feet has been reduced from 
climax forest to an early seral stage. 
Fire has drastically changed the vegeta- 
tion of the valley. Catastrophic change 
in the ecology of the area is an inevit- 


soil even 
areas. 
lowest 


recent 
are: 


stands of 


able result. 


FIRE AND THE LARGER MAMMALS 


Reliable local knowledge and study of 
present conditions provide a_ general 
history of the larger and better known 
mammals in and about the valley 
through the past thirty years. It is a 
history of change in mammalian popu- 
lations concurrent with fire, and no 
less abrupt than the change of the land 
itself from dark forests deep in mosses 
and lichens to bare soils baking in the 


~ 


sun. 
Mule deer and earibou were the main 














FIRE AND THE DECLINE OF MOUNTAIN CARIBOU 


ungulates in the timbered valley. A 
small deer population wintered in warm 
canyons to the south among Douglas 
firs and dispersed in summer to open 
meadows above timberline or to small 
patches of young forest healing recent 
burns. 
forest except in travelling through it. A 


lowland Deer avoided heavy 
few goats occurred as outpost popula- 
tions from larger herds in more rugged 
the north. Cougars and 
coyotes inhabited open areas used as 
winter range by deer, and coyotes, like 
climbed to lush 
summer where mice were numerous and 


terrain to 


deer, meadows in 
travelling was easy. Marten were com- 
throughout the 
Beaver and other fine fur species were 


mon dense forests. 
well distributed. Wolverine ranged al- 
pine meadows in summer and timbered 
Black bears were 
found sparingly throughout the 
lands, and grizzlies roamed in the high 


lowlands in winter. 


low- 


country, descending into the valley in 
spring. The whole scene was one that 
had been long established, with that 
evidence of permanence that has led 
to the concept of climax. 

The fire that followed was catastro- 
phic. In a few hours its destruction 
changed the scene in the valley from 
one of intricate complexity to one of 
relative simplicity. The changes that it 
wrought would fill volumes if all were 
known. structure, fauna 
and flora of the soil, vegetation with its 
dependant animal life, the very climate 
of the place were abruptly changed in 
a sudden fury of destruction. A tangled, 
wet forest penetrated only by miserable 
trails became a desert-like area where a 
horse could roam almost at will. 

For a few the habitat 
desolate, with some deer mice scurrying 


Chemistry, 


years, was 


Edwards 
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in the ashes and a few deer wandering 
among remains. 
weed and willow began to heal the land 
in an environment suddenly suitable 
for them. Slowly the land that had been 
like a desert changed to one supporting 
an abundant growth of willow, birch and 
aspen. The new vegetation created a new 
world for mammals. The fire that had 
rich with a 
varied mammalian community in which 
few species were abundant made new 
and extensive range for a number of 
species. The fire had totally removed 
the marten for decades, in destroying 
the dark forest. It had restricted the 


charred forest Fire- 


destroyed a vegetation 


lowland wandering of wolverine and 
grizzly bear. At the same time it 


created new habitat for others. There 
was a spectacular increase in mule deer 
which swarmed in abundant 
browse. Dozens could be seen in a day 
where they were formerly infrequent 
deep Cougars 
became so common that one hunter took 
eighteen in one season where a few 


almost 


wanderers in forest. 


years previous it was unusual to see 
tracks. suddenly flourished 
in this new, prairie-like valley where 
deer mice had increased and Columbia 
ground squirrels were abundant where 
previously unknown. Beaver found new 
food abundance and increased. Black 
bears found berries and other foods 
abundant as they never had_ been. 
Goats, among the few species whose 
ranges were mainly above the fires, 
were affected but little. 

Moose were unknown in this valley 
before the Wanderers colonized 
the valley in the early 1930’s and in- 
creased until the winter of 1945, when 
homesteaders watched moose browsing 
close by and children on their way to 


Coyotes 


fires. 
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school dodged them. Moose found 
extensive winter range in the hundreds 
of square miles of browse, and sum- 
mered in the damp subalpine forests at 
and below timberline. 

With the establishment and increase 
of moose, wolves increased markedly 
from a previously low population den- 
sity. The new mammalian abundance 
probably figured strongly in this and 
other increases in mammalian predators 
of the valley. 

To-day the situation is only slightly 
changed. Shrubbery is older and higher, 
and the ground is not quite so bare. 
Young conifers are slowly repopulating 
the burn but are still absent from large 
areas. Deer are not so abundant, nor 
are cougars and coyotes, but moose in 
hundreds still wander down from the 
mountains to the lowland in autumn. 
Mice and ground squirrels are. still 
abundant. The major 
factor in arresting coniferous reinvasion, 
for they are efficient gatherers of tree 


former are a 


seed. 


Tue Caripou DECLINE 


Through this time of change the 
caribou survived but their numbers were 
markedly reduced. In 1937, 
Department reports expressed concern 
the future of the Clearwater 


caribou, 1940 hunting them 


Game 


over 
and in 
became illegal. 
The ranges inhabited by these eari- 
bou comprise the less precipitous foot- 
hill country bordering the mountains. 
The extensive meadows on the rounded 
foothill better suited 
to this species than do precipitous slopes 
and permanent ice of the core of the 
Cariboo Mountains. The wide, heavily 
forested Clearwater Valley lay among 


elevations seem 
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and below these extensive alplands, and 
the caribou, following traditional trails 
through the forest, crossed regularly 
from one alpland to the other. 

In summer and fall caribou were 
found in high meadows and in adjacent 
sub-alpine forests that were open and 
festooned with lichens. In winter and 
early spring they were usually en- 
countered in valley bottoms in mature 
forests of cedar, spruce, hemlock and 
balsam. In these lowlands they seemed 
to favour the flat, poorly drained areas 
that were interspersed with open bogs, 
meadows and ponds, as well as those 
forests that were near the open ice of 
lakes. However, their altitudinal distri- 
bution was probably not quite as simple 
as this. At times during the winter they 
climbed to the high, wind-swept ridges 
of their summer haunts. This alti- 
tudinal movement, as in most such 
migrations of ungulates in mountainous 
terrain, was probably controlled by 
snow. According to several careful 
observers of this herd, the first deep 
snows of winter forces caribou down, 
just as it does elk, moose, deer, and in 
some areas mountain goats, throughout 
much of western America. If snows 
settle and harden the caribou travel 
the high country in mid-winter. Spring 
thaws which soften the snow drive them 
into poorly insolated lowland forests 
again, from which they move into snow- 
free alplands in May and June, there 
to spend much of the summer. 

These caribou were forced to live in 
dense, lowland forests during part of 
‘ach winter, 4000 feet below their 
summer range. In appears that just as 
deer, elk and moose in mountainous 
terrain must seek low elevations in 
winter, so must the mountain caribou, 











FIRE AND THE DECLINE OF Mountain CartBou—Edwards 


in some regions at least. Unlike more 
common and better-known ungulates 
this caribou descends to mature forest 
and not to young forest or to open 
ranges. According to 
observers their food in these forests is 
chiefly tree lichens. Browse is undoubt- 
edly another food item. 

The that created hundreds of 
square miles of new range for moose 
and deer reduced by 60 per cent the 
area of dense forests used by caribou 
reduced with 
numerous boggy openings by 70 per 
cent. If these lowland forest ranges are 
as important to caribou as winter range 
is to most ungulates in Canada, the 
cause of the decline of the Clearwater 
‘aribou is no mystery. The same fire 


grassy several 


fires 


in winter. It forests 


that allowed the increase of deer, and 
later of moose, burned from 60 to 70 
per cent of the forest probably essential 
for caribou survival in winter. 


Caribou did not become scarce im- 


mediately after the 1926 fire. The 
decline was first noted with alarm 
about 1935. It may actually have 


occurred earlier, for decreases are not 
easily detected in nomadic, gregarious 
animals inhabiting wilderness. It is 
probable, however, that the decline 
took place in the early 1930’s, and it 
was perhaps accelerated by fires that 
followed that of 1926. Five fires burned 
an additional eighty square miles in the 
summers of 1930 and 1931, and another 
100 square miles were burned before 
1940. Now, except for three restricted 
lowland areas, mature Columbia Forest 
from valleys bordering the 
earibou-inhabited highlands. The re- 
maining forests are the only lowland 
areas where caribou are seen regularly 
in winter. Lowlands formerly frequented 


is gone 
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now contain only wanderers. They are 
rarely seen in burns where old antlers 
and knowledge indicate winter 
abundance before the fires. 

It appears that fire is the major 
‘ause of caribou decline in Wells Gray 
Park. The northward march of the 
decline through the province is sug- 
gestive of the same cause, since the 
trend of first human influence upon 
wilderness lands in British Columbia 
has progressed generally from south to 
north. In Alaska (Murie, 1951, p. 278), 
western Ontario (de Vos, 1948) and 
other areas where caribou declines or 
exterminations were followed by in- 
creases in deer or moose there is ample 
evidence to suspect fire. 


local 


CarrBoU MANAGEMENT 


Before the fire of 1926, lowland 
Columbia Forest in the Clearwater 
drainage covered only 9 per cent of the 
country used by caribou, while the 
poorly drained areas which seemed to 
be preferred were only 3 per cent of the 


total. Fire has reduced these per- 
centages to 3 and one respectively. 
These small areas appear to be the 


key to caribou survival. 

When small areas of climax or near- 
climax vegetation are necessary to the 
survival of an animal species, any 
change in vegetation may doom the 
animal dependant upon it. In this case 
fire or clearcut logging completely 
eliminate caribou range, and the animals 
disappear as a result. 

While caribou management in this 
area cannot tolerate fire or clearcut 
logging on winter range, it is possible 
that a form of selective logging would 


not endanger the herd. Much more 
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study is necessary before this can be 
accepted as more than a possibility. 
Whereas 
yields quicker returns than does for- 
estry, caribou management appears to 


most game management 


require planning that is just as long- 
term as in forestry, or perhaps longer 
since the ideal caribou forest could be a 
senile forest well past ideal cutting age. 

Our 
suggests that three measures are neces- 


present incomplete knowledge 


sary to manage caribou in Wells Gray 
Park. These are, in order of importance: 
remaining mature 


fire. (2) 


(1) Protection § of 


forests from Protection of 
remaining animals, or cropping to re- 
move annual increases should data be 
levels with 


available to fix harvest 


accuracy. (3) Vegetation management 
designed to increase the area of mature 
forest. 

These measures are simply stated; 
but successfully implementing them in 
the field calls for research, planning and 
management, tempered by some of the 
wilderness 


convictions necessary for 


preservation. 
SUMMARY 


A mountain earibou herd in Wells 
Gray Park, British Columbia, is one of 
many in the province that has decreased 
in size since the turn of the century. 
Fire appears to be the cause of decline 
of the Wells Gray herd. Since 1926 about 
70 per cent of the forests below 4000 
been burned, and caribou, 


feet have 
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which appear to require mature low- 
land forests for winter range, are now 
confined in winter to the unburned 
forest remnants. 

The fires were followed by a dramatic 
change in composition and population 
density of the mammalian community. 
The caribou decline was accompanied by 
declines in a few other species, while 
the overall effect of fires was to create 
a mammalian abundance 
unknown. 

To maintain and eventually to in- 


previously 


crease this herd, management will in- 
clude protection of the animals, pro- 
tection of existing lowland forests from 
fire, and a long-term endeavour to 
increase the area of lowland climax or 


near-climax forests. 
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REVIEWS 


The Black River Studies. By John L. Funk, 
Edward M. Lowry, Mercer H. Patriarche, 
Missouri Conservation Commission; Robert 
G. Martin, Virginia Commission of Game 
and Inland Fisheries; and Robert 8S. Camp- 
bell and Timothy R. O’Connell, Jr., Uni- 
versity of Missouri Wildlife Research Unit. 
Univ. of Missouri Studies, Columbia, Mis- 
souri. Volume XXVI, No. 2. 146 pp. Illus. 


1953. $2.50. 


Here, for the first time, is a clear and factual 
description of changes in the biota of a warm- 
water stream during a three-year period, before, 
during, and after impoundment. The studies 
include: a geological and historical description 
of the Black River Basin in Missouri; a study 
of changes in benthos, plankton, chemistry, 
and rooted aquatic plants; observations on de- 
velopment of the population of small fishes in 
a new and unoccupied impoundment; a study 
of the larger fishes in the river together with 
data on age and growth rate of several species; 
information on management and utilization of 
the river fishery; and an over-all appraisal 
of the fishery. 


Collecting stations were located three 


at 
points in the river: (1) a station about 25 miles 
upstream from the dam site, (2) three stations 
within the area to be impounded (two in the 
main stream and one in a large tributary), 
and (3) a station about 40 miles downstream 
from the impoundment. The geology of the 
river basin is generally the same at all stations. 
Sampling was begun in June 1947 and con- 
tinued through the summer of 1950. The lake 
was impounded early in 1948. Although a pre- 
impoundment study of two-years’ duration 
had been planned, early closure of the dam 
limited that portion of the study to only one 
summer. 

Many of the changes in the fauna in the 
‘impounded waters” before and after closure 
of the dam were expected. The reservoir sup- 
ported more benthic organisms than did the 
river, but the species composition changed 
considerably. Among the fishes, such species 
as the gizzard shad, bluegill, golden shiner, and 
largemouth bass increased markedly in the 
newly formed lake, whereas the relative abun- 
dance of the popeye shiner, bigeye chub, bleed- 


ing shiner, black redhorse, stoneroller, and 
smallmouth bass declined. 

One of the outstanding contributions of the 
Black River Studies is the section on the de- 
velopment of the population of small fishes in 
Clearwater Lake during three summers follow- 
ing impoundment. The shifts in relative abun- 
dance and 
various ‘‘lake”’ species were striking, and were 


among various “river” species 
largely attributed to the success of spawning 
during the different years. The species that 
frequented the backwaters of the river had be- 
come the dominant segment of the lake popu- 
lation by the summer of 1950. There was, 
however, some question whether or not the 
carrying capacity of the lake had been reached 
by that time. In all probability it had not, as 
indicated by the following observations: (1) in- 
formation on the success of the establishment 
of the largemouth bass planted during 1948 
was incomplete, (2) the spectacular increase 
in the populations of gizzard shad and golden 
shiner, and perhaps other species as_ well, 
during 1950 does not seem to indicate stability 
in the population, and (3) the appearance, for 
the first time, of young-of-the-year carp in 
relatively great abundance in 1950 may be a 
good indication that that species had not be- 
would in the future. 
In such a varied population, the intra- and 
interspecific competition is tremendous, and 


come as abundant as it 


it is my opinion that, in general, the more 
varied the species composition of a fish popu- 
lation, the longer it will take it to become 
stabilized. 

Unpublished information on the fish popula- 
tions of a series of small ponds in Indiana, by 
L. A. Krumholz and W. E. Ricker, indicated 
that the maximum fall standing crop was not 
reached in any of the ponds until the fourth 
year after stocking and, in some instances, not 
until the fifth. It was also apparent that ponds 
with the smallest standing crops did not reach 
their maximum population weights as soon as 
those having larger standing crops. 

As was pointed out by the authors of the 
Black River Studies, an unsuccessful spawning 
season was much more serious to the welfare 
of the population of a species with a relatively 
short life span than to a species which lived 


-o> 


Ond 
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much longer. Similarly, fishes which had a 
protracted spawning period usually fared 
better than those which did not. 

Reports such as the Black River Studies 
represent a step in the right direction toward 
answering many of the questions that fishery 
biologists have taken for granted for many 
years. There is considerable effort involved in 
such an ecological study and many man hours 
of work are expended in collecting data. It is 
important to note, however, that after the data 
were collected, they were compiled and ana- 
lyzed and the information was made available 
to other workers. All too frequently the final 
phase of such a study, the preparation of the 
manuscript for publication, is set aside because 
other things seem more pressing and the in- 
formation remains unavailable to those who 
could use it. 

The Black River Studies report is a fine ex- 
ample of the accomplishments which can be 
achieved through close cooperation among dif- 
ferent state and federal agencies.—Lovis A. 
KRUMHOLZ. 


Our Wildlife Legacy. By Durward L. Allen. 
Funk and Wagnalls Company, New York. 
1954. x +422 pp. illus. $5.00. 


Not since the publication two decades past, 
of Aldo Leopold’s GaME MANAGEMENT has 
such a masterly work appeared in the field of 
wildlife conservation. It is a book which will 
warm the hearts of those of us concerned with 
the problem of getting the story across to 
sportsmen, students, administrators, or to the 
public in general. 

The author’s statement (p. 18)—‘The story 
starts with the soil and, likely enough comes 
back to it in the end’’—reminds us of the little 
boy who asked his mother if it were true that 
we come from dust and return to dust. On 
being assured that this is true, he remarked, 
“Well, there’s a lot of dust under my bed, but 
I can’t tell whether coming or 
going!” Many of us have felt the same way 
about the future of our natural 
Durward Allen has done a remarkable job of 
condensing and simplifying this complex field. 

Our WIivpuire LeGacy is no dry expression 
of the author’s opinions. It is written in an in- 
formal, clever style, sometimes slangy, but 


someone’s 


resources. 


always easy to read. Nevertheless it is docu- 


mented by 37 pages of reference notes, and 
supported by a bibliography of 501 titles. 

Even the chapter headings indicate how 
Dr. Allen handles some of the more technical 
discussions: ‘‘The One-year Plan” is about 
productivity; “Boom and Bust’ concerns 
cycles; and “Greener Grass,’ introductions 
and transplantations. 

Only two chapters deal with fisheries ex- 
clusively, but in the hundreds of examples 
illustrating various principles of management, 
the fisheries field is well represented through- 
out the book. 

The author’s wide experience in both state 
and federal services has enabled him to in- 
clude excellent discussions, both practical and 
philosophical, on administrative problems 
and on “‘biopolities.” 

Traditionally, reviewers in scientific publi- 
cations are like predatory carnivores, seeking 
the most vulnerable spots in their prey, and 
chewing them out. We can find few vulnerable 
places here. Popular attention might have 
been directed more strongly toward some of 
the important private agencies in the wildlife 
field. For example, the Wildlife Management 
Institute receives only a three-line footnote, 
and the Wildlife Society is merely mentioned 
on Page 212. A “telescoped view of plant suc- 
cession,’ Pages 67-68, may be so telescoped 
that few uninitiated readers will see through 
it. But let us disregard these few criticisms in 
view of the monumental whole. 

To sum it up—one of the best writers in our 
field has completed an awesome task, and 
handed to us a volume which can have tre- 
mendously beneficial influence, if it reaches 
the people. It is our opportunity to use it and 
our responsibility to promote it!—OLivErR H. 
Hewitt. 


Statistics and Mathematics in Biology. Edited 
by Oscar Kempthorne, Theodore A. Ban- 
croft, John W. Gowen and Jay L. Lush. 
Iowa State College Press, Ames. ix+632 pp. 
1954. $6.75. 

The editors explain that they constituted 
the program committee for a Biostatistics 
Conference held at Iowa State College in 1952, 
with joint sponsorship of The Biometrics So- 
ciety (ENAR). Subsequently, they prepared 
for publication in this volume such otherwise 











REVIEWS 


unpublished program papers as appeared to 
promise permanent general value. The result, 
therefore, might be called a symposium on 
biometrics in general. 

Current trends in the relatively young sci- 
ence of wildlife management are focusing the 
attention of field and laboratory technicians 
on both the fundamentals and advanced appli- 
cation of statistical treatment of their data. 
For that reason, many of them are constantly 
searching for new statistical approaches and 
methods. Although the this 
volume should be valuable in that connection, 
ready application may be limited primarily to 


discussions in 


rather advanced technicians. 

The forty-four chapters, each by a separate 
individual, are set up in five different sections, 
as follows: I. General Biometrical Principles 
and Procedures (12 chap¢ers); II. Changes in 
Population Number (3 chapters); III. Estima- 
tion of Populations (8 chapters); IV. Determi- 
nation of Biological Response (10 chapters); 
and V. Genetical Analysis of Populations 
(11 chapters). 

There also is an extensive bibliography that 
offers 
worker who may wish to investigate phases of 
particular interest to him. References cited are 
largely of recent date (1935-1953), and cover 


additional sources to the intensive 


a surprisingly wide range of phenomena. 

Of immediate wildlife 
are such chapters as Biometry, Its Makers 
and Concepts, by George W. Snedecor; Prob- 
lems in Classifying Populations, by Stanley L. 
Isaacson; The Philosophy of Experimentation, 
by C. West Churchman; Competition: An 
Experimental and Statistical Study, by Thomas 
Park; Estimating Fish and Wildlife Popula- 
tions: A Survey of Methods, by Leslie W. 
Seattergood; and Breeding Structure of Popu- 
lations, by James F. Crow. 


interest to workers 


Most of the chapters set forth acknowledg- 
ment of recognized problems with which they 
deal, cite limitations of application, give nu- 
merous formulae for treatment of data, and 
summarize their coverage. This holds for such 
topics as quantal response in toxicity tests, 
insecticidal assays, statistical aspects of flavor 
and testing, animal feeding experi- 
ments, gene frequencies, radiation effects on 
the functioning of body cells, and multivariate 


aroma 


analysis. 
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As previously indicated, this volume most 
probably will be usable only by reasonably 
advanced technicians. It is somewhat compli- 
cated for those whose foundation in biometrics 
is on the casual side.—W. C. GLAZENER. 


Taxonomic Terminology of the Higher Plants. 
By H. I. Featherly. Iowa State College 
Press, Ames. x +166 pp. 1954. $3.75. 


Quite often the wildlife worker has given 
most of his time and effort to learning zoologi- 
val rather than botanical terms. In his field 
work, finds that 
botanical terminology is essential and that 
locating the precise word or phrase to describe 
a given condition is difficult. 


however, he sometimes 


Dr. Featherly has prepared a concise and 
compact information relating to 
taxonomy, plant distribution, and speciation 
and so organized it that one is able to find the 
meaning of a term or even to find a forgotten 
term with a minimum of effort. The first half 
of the book is given over to alphabetical listing 
with definitions of approximately three thou- 
sand terms. All terms are current; obsolete 
and seldom used words are purposely omitted. 


source of 


The second section is on subject classifica- 
tion in which there are twenty-four major divi- 
sions ranging from Aestivation to Vernation, 
with many sub-divisions. Under Habitats, for 
example, there are thirty-six sub-divisions 
(Alpine—Water) with one hundred and thirty- 
nine terms. 

The sections on specific epithets and Greek 
and Latin components are especially helpful 
to the individual who is not well grounded in 
the humanities. From these sections he can 
learn not only the meaning but the word 
structure of botanical terms and names. 

Of the three sections making up the appen- 
dix, one is noteworthy in that here is gathered 
together many laws, theories, and hypotheses 
relating to speciation and distribution of living 
organisms. Examples are Chapman’s Law of 
Biotic Potential and Hopkin’s Bioclimatic 
Law. 

Although this work could have been more 
exhaustive, it is, in its present form, a valuable 
addition to the technician’s or student’s library 
and should take its place beside Roget’s 
Thesaurus.—J. LAWRENCE TEMPLE. 








RECENT PUBLICATIONS 


British Trust for Ornithology: Nineteenth An- 
nual Report, 1952. 65 pp. Oxford, England. 


2s. 6d. 


Contains a short history of The Edward 
Grey Institute of Field Ornithology by David 
Lack, and of the development of The British 
Trust for Ornithology by James Fisher; also 
brief outlines of investigations being conducted 
by these organizations. 

It should be that The British 
Trust for Ornithology has begun publication 


of a new journal, Bird Study. The first volume 


noted here 


of a quarterly series appeared in March, 1954. 
The subscription fee is 20s. 6d. 


Wate rfowl of North Dakota. By Paul A. Johns- 
North Dakota Agricultural College, 


Institute for Regional Studies. Fargo. 1953. 


gard. 


16 pp. 


A guide for waterfowl identification, with 
keys and short descriptions which should be of 
value to waterfowl hunters. Wing patterns and 
other definitive characters are used in the keys. 
Peterson-type sketches illustrating field marks 
of major species on water and in flight are 
included. 


A Field Guide to the Birds of Britain and 
Europe. By Roger T. Peterson, Guy Mount- 


fort and P. A. D. Hollom. Houghton Mifflin, 
Boston. 1954. xxxiv-+318 pp. illus. $5.00. 


Similar to Peterson’s familiar field guides, 
this volume is enlarged to inelude excellent 
range maps for each species by Hollom and 
some valuable tips for beginners. The descrip- 
tive text is by Mountfort. The most complete 
and best organized field guide we have seen. 


Studies on the 
Anatinae. By Konrad Lorenz. Translated by 
C. H. D. Clarke. The Avicultural Society, 
61 Chase Road, Oakwood, London, N, 14. 


1954. S87 pp. 5s. 


Comparative Behaviour of the 


An excellent translation with the original 


illustrations, of Dr. Lorenz’s important paper 
which appeared in Journal fiir Ornithologie in 
1941. Detailed observations chiefly on sexual 
North 


reactions in five species of American 


ducks—mallard, pintail, gadwall, shoveler and 
wood duck—are included. 


The Life and Times of Michigan Pheasants. By 


R. A. MaeMullan. Illustrated by Oscar 
Warbach. Game Division, Michigan De- 
partment of Conservation, Lansing. 1954. 


63 pp. 


An excellent addition to Michigan’s series 
of popular booklets on wildlife species. All im- 
portant phases of life history and management 
are covered by entertaining text and illustra- 
tions. Michigan is to be congratulated on its 
fine sportsman-education program. 


New Jersey Fisheries Survey Report Number 
Two, 1951. Lakes and Ponds. Various au- 
thors. New Jersey Department of Conserva- 
tion and Eeonomie Development, Division 
of Fish and Game, Trenton, N. J. 
199 pp. + annex of maps. Illustrated. 1953. 
$1.00. 
This 


fishery 


vili+ 


report contains descriptions, maps, 


conditions, stocking histories, and 
recommendations for management for 26 lakes 
and ponds in New Jersey along with a fisheries 
survey of Greenwood Lake. Greenwood Lake 
lies across the New Jersey-New York boundary 
and the survey of that body of water was a 
cooperative effort between the conservation 
departments of the two states. There are also 
papers on angling and preparation of New 
Jersey panfish, some observations on the land- 
locked alewife, the fishes in 
New Jersey, and on leeches and their impor- 
tance in the life eyeles of fishes.—Louis <A. 
KRUMHOLz. 


distribution of 


The Book of Fishes. Food and Game Fishes and 
Aquatic Life of the Coastal and Inland Waters 
of the United States. Edited by J. O. 
Gorce. National Geographic Society, Wash- 
ington, D. C. xi +339 pp, + 473 illustrations. 
1952. $6.50. 


La- 


This book is intended for layman and scien- 
tist alike and includes information on fresh- 
water and marine animals from plankton to 
porpoises. Such diversified subjects as fresh- 


water and marine angling, goggle fishing, 
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aqualung diving, the giant fish bowl at Marine- 
land, devilfishing, the Lerner Marine Labora- 
tory at Bimini, and commercial fishing are 
described accurately and in some detail. For 
those interested in fresh-water angling, there 
are accounts of fishing for salmon and trout, 
largemouth and smallmouth bass, sunfishes, 
white bass, muskellunge, etc., and of tarpon, 
sailfish, marlin, striped bass, tuna, and others 
for those interested in ocean fishing. 

The most spectacular part of the book is the 
color illustration. In the customary excellent 
style of the National Geographic Society, the 
Book of Fishes contains many fine color phote- 
graphs and paintings along with adequate de- 
scriptions of the various fishes and other ani- 
mals figured. The paintings by Murayama are 
particularly well done. In addition, there are 
many black-and-white photographs of various 
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subjects of interest to angler and biologist.— 
Louis A. KrumMHo.z. 


Traité de Pisciculture. By Marcel Huet. 
Editions La Vie Rustique, 299 Avenue 
Georges Henri, Brussells, Belgium. Second 
Edition, 1953: xii+371, with 280 illustra- 
tions, chiefly photographs. Heavy paper, 
270 Belgian frances, cloth, 330 B.-f. 


? 

Speedy exhaustion of the first edition of this 
handbook of fish culture, which appeared in 
1952, has led to preparation of a second edi- 
tion. The section dealing with culture of Tilapia 
has been revised and expanded to include most 
recent experience with these cichlids, especially 
in the Belgian Congo. Another addition is a 
form suggested for use in keeping records of 
pond production.—JustTin W. LEONARD. 
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NOTES ON THE RESULTS OF CERTAIN CCC PLANTINGS ON THE 


PAUL BUNYAN STATE 


FOREST, MINNESOTA 


John G. Dobie 


Minnesota Department of Conservation 


and 


William H. Marshall 


University of Minnesota, Saint Paul, Minnesota 


During the period of Civilian Conservation 
Corps a wide variety of game food and cover 
improvement projects as well as forestry work 
many Checks or 
evaluations of results of these projects have 
been infrequent. This report presents findings 
régarding certain conifer plantings on the Paul 
Bunyan State Forest in Hubbard County, 
north central Minnesota. The senior author 
supervised these plantings in 1936 and his per- 


was carried on in states. 


sonal notes were used to relocate areas for 
examination in 1953. Foresters of the Division 
of Forestry, Minnesota Department of Con- 
servation, assisted greatly in finding compass 
lines in relocation. 

In October 1936 spot plantings of white 
spruce (Picea glauca) and northern white- 
cedar (Thuja occidentalis) were made in Sec- 


tions 9, 10, 11, 14, and 15 of Township 142 
North, Range 33 West. Plantings were placed 
along or adjacent to section or quarter-section 
lines so that they could be easily relocated. 
Thirty plots consisting of 50 white spruce each, 
2-2 stock, were planted at approximately 4’ x 
1’. Twenty-one plots were planted to wild 
white cedar seedlings one to two feet in height 
that had been dug from a swamp area in 
Section 1 of the same township. These plots 
averaged 55 trees at 4’ x 4’ spacing and totaled 
1,142 trees. 

The objective of the plantings was to remedy 
a situation described in the original work 
project report as follows: “The Paul Bunyan 
Forest offers ideal conditions for ruffed grouse 
and deer feeding but has almost no (coniferous) 
cover for these animals. . . .” The plantings 
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were placed on or near south exposures and 
under or at the edge of small aspen. Plots were 
scattered so as to have one planting for each 
forty acres around the edges of Sections 10, 
11, 14, and 15, with four on the north boundary 
of Section 9. 

No more exact data on the habitat are avail- 
able. However, this township is one of a block 
of eight which appear on a map of forest dis- 
tribution in northern Minnesota (Lake States 
Forest Exp. Sta., 1940) as consisting almost 
entirely of aspen-brush in 1940. The “Land 
Economic Survey of Hubbard County” (Bull. 
317, U. of Minn. Agr. Exp. Sta., 1935, pages 
1-264) indicates (1) that 87.5 per cent of the 
township was forested; (2) that soil in the 
township is chiefly Rockwood stony sandy 
loam which is unsuitable for agriculture and 
which supported stands composed of over 80 
per cent aspen ( Populus tremuloides) and white 
birch ( Betula papyrifera) and (3) that this type 
of low-quality aspen stand cannot be managed 
economically other than to be left to recover 
from fire and logging as best it can. Only 
casual present 
habitat conditions. There is still a lack of coni- 
ferous cover in the area. 

In addition 
trees planted, results of a survival count made 
ten months after the date of plantings on Au- 
Survival on five 
spruce plots averaged 83 per cent and on five 


observations were made on 


to information on numbers of 


gust 5, 1937 are available. 
cedar plots 80 per cent. Causes of mortality 
were listed as unknown in the better plots, 
which were between 84 per cent and 94 per 
cent successful. For one spruce plot with 64 
per cent survival, mortality was noted as due 
to ‘drought because of exposure”’ and notes on 
one white cedar plot with 50 per cent survival 
showed cause of mortality as ‘drought (poor 
cover).” 

Recent checks on these plantations were 
carried out on October 21, 1952 and on April 
13 and 14, 1953, when deciduous plants such as 
dogwood 
( Acer 
and 


aspen, hazel (Corylus), red osier 


stolonifera), and red maple 


leafless 


ferns were brown or matted down. Thus, the 


(Cornus 


rubrum), were and when herbs 


conifers could be seen at a considerable dis- 
tance though they might be small or few in 
number. The results of these checks will be 
discussed separately for the two species of 
conifers. 
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Spruce (Sixteen of thirty spruce plantings 
checked) 

Only one plot had better than 50 per cent 
survival. Here the thirty trees averaged 43 
feet in height with leaders averaging nine 
inches of growth in 1952. Five trees were over 
six feet high. This planting had been placed in 
a damp, grassy swale with a sparse growth of 
aspen and some alder (Alnus rugosa). Heavy 
damage as a result of antler rubbing by deer 
(Odocoileus virginiana) was noted on five trees 
and one four-foot tree had been thus killed. 
Old snowshoe hare (Lepus americana) damage 
was seen on three trees. 

Five plantings had 17 to 22 trees each which 
were two to three feet in height. Almost every 
tree had been rubbed heavily by deer or 
browsed by snowshoe hare. These plots were 
all on moist swales or on north exposures where 
the aspen stand was thin. Brush cover varied 
from light to heavy. 

Two plots had ten trees left, which averaged 
less than two feet in height on moist ground 
under sparse aspen. Each showed heavy cur- 
rent hare damage or antler rubbing which were 
rapidly killing the trees. On one plot seven 
trees were recently killed by rubbing. 

Of the remaining eight plots four had less 
than five trees two to three feet in height, and 
four had no survival at all. Of these eight plots, 
half were on quite open and dry sites and half 
under moderate to dense aspen 3 to 5 inches 
d.b.h. Heavy hare browsing or deer rubbing 
was observed on every living tree. 

Foresters may be interested in survival of 
spruce as related to size of planting stock, 
which was 2-2 about a foot high. Two different 
plantings known to have been made in 1937 
as a forestry measure were found in Sections 
9 and 11. There is no means of obtaining origi- 
nal data from which to determine survival. 
However, it is known that these seedlings were 
2-0 stock three to four inches in height. Both 
plantings were on moist northern or eastern 
exposures in sparse aspen stand. Heights of 
undamaged spruce were the same as those of 
game plantings. Thus the smaller stock un- 
hindered had equalled the 2-2 stock in game 
plantings. 


Wuite-Cepar (Nine of twenty-one cedar 


plantings checked) 


Only one cedar plot had any living trees. In 











BRIEFER ARTICLES 


this plot, situated in the bottom of a moist 
swale but with a moderate aspen stand over it, 
three live trees were found. These were 10, 12, 
and 28 inches tall and showed no signs of 
browsing. Of the eight areas in which no trees 
could be found six were on damp sites but 
under dense aspen stands, while two were on 
dry southern exposures. 


Discussion 


It is impossible to determine accurately the 
sauses of failures of these plantings. To do so 
would have necessitated frequent inspections. 
However, it does seem advisable to speculate 
on probable causes. 

In most cases complete or nearly complete 
failure was associated with moderate to dense 
stands of aspen, whereas the more successful 
plantings were under sparse stands of aspen. 
Density of overhead cover seemed to be a 
common denominator in these failures. 

In a few cases dry site was apparently im- 
portant with both cedar and spruce. It should 
be noted that for several years following plant- 
ing the general area underwent a serious 
drought. 

Wildlife damage also played a role in failures 
of plantings. Snowshoe hare damage has been 


undoubtedly a major factor in holding back 
spruce growth in recent years. Judging from 
signs on blackberry and other shrubs there had 
recently been a considerable population of this 
animal. Deer damage was exclusively by rub- 
bing. This area is in the Paul Bunyan. State 
Game Refuge which was established in 1937. 
Sign of deer browse on red osier dogwood and 
red maple was heavy, indicating a deer popu- 
lation at or above winter range carrying capaci- 
ties. Sparse natural jack pine ( Pinus banksiana) 
reproduction as well as white pine (Pinus 
strobus) and balsam fir (Abies balsamea) plant- 
ings had been very severely browsed. However, 
it should be repeated that the damage to spruce 
was by rubbing rather than browsing. It seems 
possible that, due to the scarcity of conifers, 
the small and scattered spruce plots became 
especially desirable for rubbing and received 
such damage in more than normal amounts. 
In conclusion it must be stated that the 
plantings did not appear to have contributed 
to game cover. This was thought to be due 
primarily to inability of small conifers to with- 
stand the shade of the aspen over-story or 
survive on dry sites and secondarily to pressure 
from present high deer and rabbit populations. 


Accepted for publication August 7, 1953. 


A METHOD FOR HANDLING LIVE BEAVER 


C. J. Whitelaw and E. T. Pengelley 


Dept. of Lands and Forests, Toronto, Ontario 


During the summers of 1951 and 1952, the 
authors undertook a study of beaver (Castor 
the Ontario Department of 
Lands and Forests’ Wildlife Research Station 
in Algonquin Provincial Park in which it was 
necessary to develop a suitable method of 


canadensis) at 


handling the animals, for marking, measuring 
and sex determination. 

Throughout the study the Bailey live-trap 
(Bailey 1927) was used exclusively for captur- 
ing animals, but a methods of 
handling were employed. In 1951 the hind feet 
of the beaver were drawn through the mesh of 
the live trap and while secured in this position 


number of 


were measured and marked by web-punching 
(Aldous 1940). The animals were sexed while 


holding the tail and hind feet off the ground, 
but this method proved difficult and dangerous. 

In Michigan, Bradt (1947) used a wooden 
box into which the beaver was placed head 
first, leaving hind feet and tail exposed for 
measuring and marking. Early in 1952 we used 
a large canvas sack supplied with drawstring 
similar to that used by Grasse and Putnam 
(1950). After the springs of the live trap were 
released, the sack was inserted into the trap 
and the beaver was forced to enter. This re- 
quired some patience and, at times, the work- 
ers were in danger of being bitten. 

Later in the summer a canvas sack attached 
to a hoop and handle, similar to that described 
by Hensley (1946) was employed (Fig. 1). 
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Canvas bag used in handling beaver. 
10 inches by 


Fig. 1. 


Length—28 inches; diameter 


16 inches. 


The sack was made of No. 10 canvas, dyed a 
drab colour with drawstrings running through 
The end 


7 8’’-evelets 


eyelets at three points. small was 
ventilated by six two inches 
from the end and a seventh at the end. The 
rim and handle of the sack were made of an 
aluminum alloy. 

In using this equipment the live-trap was 
removed from the water and trap and beaver 
weighed. Two springs were released so that 
the trap could be opened and closed easily. 
One man operated the trap while the other 
inserted the sack into the trap with the handle 
protruding at the Usually, captured 
beavers were induced to enter the sack with 
little difficulty by 
and over the animals until they plunged in 


top. 


moving the bag towards 


head first. 
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In some cases, they were forced to crawl 
into the sack by holding it at the open end of 
the trap. As soon as the beaver entered, draw- 
strings were tightened and the sack removed 
from the trap. With the beaver in this position 
with legs and tail exposed it could be sexed, 
web-punched and measured without difficulty. 
To ear-tag the beaver, the sack was supported 
open end upwards and drawstrings released. 
The beaver was allowed to turn around in the 
sack and when the head was protruding, the 
top drawstring was tightened around the neck. 
After the second drawstring had been secured, 
the beaver was firmly held in this position and 
tags were placed on the ears. Large beaver 
(over 30 pounds) which were too difficult to 
handle by this method, were partially anaes- 
thetized by placing ether-soaked cotton over 
the air holes of the sack while the animal was 
secured head first. The ether appeared to have 
no harmful after-effects since all animals on 
which it was used swam off in an apparently 
normal fashion after release. Many were re- 
captured later which showed no ill effects. 

We are indebted to Mr. Jack Dale, who 
made the sketch of the canvas sack for Figure 1. 
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RAPID PREPARATION OF TOOTH SECTIONS FOR AGE DETERMINATIONS 


H. D. Fisher and B. A. Mackenzie 


Atlantic Biological Station, Fisheries Research Board of Canada, St. Andrews, N.B. 


The interpretation of seasonal dental annuli 
in certain animals has been shown to be an 
accurate means of aging (Scheffer 1950; Laws 
1952, 1953). The value of such a method in 
reproductive and growth studies is obvious. 
Its effectiveness as a tool in wildlife manage- 
ment when large numbers of samples are ob- 
tainable depends upon the amount of time 
involved in handling material. In the Alaska 
fur seal, annuli are visible macroscopically as 
ridges on the root of the canine tooth. The 
only preparation necessary is extraction and 
cleaning of the tooth. In most phocids, particu- 
larly the harp seal (Phoca groenlandica) in 
which the pulp cavity almost closes over at 
the tip by the second year of life, the tooth 
must laid 
down in the dentine by the pulp must be read 
under a microscope. Laws (op. cit.) found that 
in the elephant seal it is possible to read annuli 
reflected light from the 
face of the bisected and polished surface of the 


be sectioned and seasonal annuli 


microscopically by 


canine tooth. We have found that in the harp 
seal it is necessary to prepare thin sections of 
the canine tooth and to read these microscopi- 
cally by transmitted light. Obviously it is not 
feasible to prepare large samples of thin sec- 
tions by standard histological or petrological 
methods. 

During our work on age determination of 
phocid seals, a fast method of preparation of 
thin tooth sections has been evolved, which 
makes feasible the handling of large samples 
of teeth for determination of the age composi- 
tion of commercial kills and of the population. 
While improvements in the method will doubt- 
less be made, a description of the present ap- 
paratus is given here, since it n ty be of value 
to those working with animals which have 
readable annuli in the dentine. 

It is important that teeth be kept moist from 
the moment of collection so that they do not 
become brittle. In collecting harp seal samples 
we chop off the lower left jaw and preserve 
either in salt or formalin solution until the 
canines can be extracted. The extracted and 
cleaned teeth and the sections have usually 
been placed in vials of aleohol and glycerin, 


although we find that water, glycerin and 
thymol, used for preserving fish otoliths, will 
preserve them adequately. 

In the laboratory the tooth is cut in two 
through the thickest portion, usually about 
half-way down the root. A section about one- 
half millimetre thick is then cut from the lower 
half. These cuts can be made in a few seconds 
using a circular carbon steel jeweller’s saw, 
0.020” x 3’, 24 teeth per inch, such as are 
obtainable from E. and A. Gunther Company, 
Limited, Brantford, Ontario, at $1.00 each. 
One saw blade is good for from 50 to 80 teeth. 
Our saw, connected by a shaft and pulley to 
a 1/4h.p. motor, revolves at about 2400 r.p.m., 
equivalent to a surface speed of 1870 feet per 
minute (Fig. 1). Vacuum suction is applied 





Fic. 1. Cutting apparatus for obtaining crude 
sections of teeth. 


behind the saw blade to draw off tooth dust. 
Attempts to cut this manner 
thinner than one-half millimetre usually result 
in curling or breaking of the section. In any 
event, sections are not immediately suitable 
for reading because of saw marks on the 
surface. They must be polished or ground 
until transparent enough to allow transmission 
of light through all portions. A suitable thick- 
ness for this ranges approximately from 40u to 
200u, depending on individual variations in 
density of dentine. 


sections in 
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A machine designed for grinding consists 
essentially of two identical circular fine-grit 
carborundum stones, 3’ x 5/8’, one of which 
rotates against the other, with the tooth sec- 
tion between. The stones were precision-made 
for us, to be exactly equal in dimension, by 
Canadian Carborundum Company, Niagara 
Falls, Ontario, at $2.70 each. They are mounted 
on an apparatus similar to a lathe (Fig. 2). 





Fic. 2. Entire view of grinding machine. 


The head-stock consists of a 3/4-inch shaft 
running through two thrust ball bearings 6 
inches apart. The shaft is driven through a 
V-belt variable-speed pulley by a 1/4 h.p. 
motor on a tilting base, by which stone rotation 
speed is adjusted. Variable speed, however, is 
not really necessary once an optimum speed of 
known. A _ foot-controlled 
convenient than the 


rotation is 
switch would be 
hand switch shown in Fig. 2. 

The ecarborundum stones are each mounted 
within thick brass cups in a male-and-female 


stone 


more 


arrangement which allows the rotating stone 
to fit within the cup of the fixed stone, to 
prevent escape of too much water. A liberal 
flow of water is maintained between stones to 
allow fast grinding and to keep the stones clean. 
Water enters through a tap at the top of the 
fixed brass cup and escapes through an outlet 
at the bottom (Fig. 3), 
loss of sections. During operation much of the 
water is thrown out. This is collected and 
drained away by a semi-cylindrical basin under 
the cups and attached to the fixed cup. Along 
one inner edge of the basin a felt strip in con- 
tact with the brass cups prevents water being 


screened to prevent 


thrown up from the basin. 
The rotating stone is mounted on the head- 
stock, and the fixed stone on the tail stock. 
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The tail stock, as well as being freely movable 
along the bed to allow easy placing of the tooth 
sections, can be adjusted by means of a 
threaded shaft, 20 threads per inch. The stones 
can be stopped at any desired distance apart 
by means of a micrometer head mounted on 
the tail stock, which butts on a stop fixed to 
the bed (Fig. 3). 

The tooth section is placed on either stone 
with forceps near the outer edge where the 
water supply is best, and adheres to the wet 
face. The tail stock is then moved up until the 
stones butt against the section, locked into 
position, and with the machine turned on, it is 
moved slowly up to the stop by means of the 
threaded shaft. Sections as thin as 25u can be 
prepared in this manner, though the optimum 
thickness is around 100u. A tooth section one 
millimetre thick usually can be ground to 100u 
in 15 to 30 seconds. Very dense teeth may take 
a little longer. Thus from an entire tooth a 
section of 100u thickness can be prepared 
within a minute. 

The machine appears large and heavy out 
of all proportion to the size of the tooth seec- 
tions being ground, but this is necessary to 
reduce vibration to a minimum so that regula- 
tion of the very thin sections can be obtained. 
The machine was constructed by E. 8. Stephen- 
son and Company, Saint John, N. B., and cost 
about $260.00 delivered, including the electric 
motor. 

Acknowledgments are due to H. J. McLellan 
of the Atlantic Biological Station who gave 
valued suggestions on the design of the grind- 
ing machine, and to W. Pollock, Department 
of Zoology, McGill University, for construction 
of much of the cutting machine. 
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Fig. 3. Detail of grinding apparatus. 1 


3—drain from basin; 4 
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carborundum 


micrometer; 5 
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stones; 2—tap for 


water entrance; 


stop for micrometer. 


DEER CALL AS A MEANS OF LOCATING DEER FAWNS 


Kenneth L. Diem 


Arizona Game and Fish Commission, Fredonia, Arizona 


During the 1953 fawning season, a trial 
project was conducted on the North Kaibab 
Forest,. Arizona, for the purpose of capturing, 
tagging, and releasing mule deer fawns. As 


this operation was new in the state, consider- 


able experimentation was carried on with 


known and with original methods for location 
of fawns. 


The most efficient means derived for loca- 
tion of fawns was for the tagging crew to 
proceed by car over forest access roads at slow 


speeds until a mature doe or fawn was ob- 
served. When a mature doe was located, a 
wooden deer call, the sound of which closely 
imitated that of a bleating fawn, was used to 
determine if the doe had young in the vicinity. 

When the call was used and no fawns were 


present, the doe would leave the area quickly; 
and very frequently the departure was made 
in apparent fright. If a fawn was present the 
doe reacted in a definite manner to the call. 
She would trot off a short distance and stop, 
or she might even advance towards the caller; 
she would act irritated, stamp her front feet, 
switch her tail vigorously, and hesitate to leave 
the area. In all cases where such action was 
definite, fawns were jumped within 150 yards 
of where the doe was first seen. 

Frequently, as the fawns grew older, a doe 
was encountered which did not advance or 
stamp her front feet; but the tail switching 
and refusal to leave the general area prompted 
investigation of the region. Most of these cases 
fawns, but non-productive 


produced some 
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Fic. 1. Plans for construction of a wooden deer call. 


searches were made. The lack of concern here 
by the doe was thought to be due to the 
precociousness of the fawns. These fawns were 
always fleet-footed and were captured only 
with the aid of a dog. In this operation the dog 
was a Doberman-Pinscher. 

It is thought that use of the call made it 
possible to tag more fawns due to the elimina- 
tion of many fruitless foot searches of areas 
where does were observed but no fawns were 


present, 


A sketch of the wood call used during the 
tagging operations is shown in Figure 1. The 
sides of apple boxes or fruit crates provide 
good material for the construction of this call. 
It must be understood that this particular call 
design is not original as it was developed by the 
Alaskan Indians. It was presented to the 
author by a friend, who had used it to hunt 
Sitka deer in Alaska. 


Accepted for publication February 25, 1954. 
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SIZE AND VALUE OF ALABAMA FUR CROP 


Earl F. Kennamer 


Alabama Extension Service, Auburn, Ala. 


Statistical data revealed that the Alabama 
wild fur harvest for the 1950-51 season totaled 
$411,114. Figures for computation were ob- 
tained through questionnaires mailed from the 
Alabama Cooperative Wildlife Research Unit 
to a random sample of trappers. Since every 
person who traps must purchase a license and 
procure tax tags for all pelts sold, the question- 
naire technique was considered to provide 
reliable data. 

Calculated harvest totals of all pelts taken 
by trappers in the state were as follows: 25,920 
mink; 42,480 muskrat; 3,120 beaver; 24,960 
raccoon; 600 otter; 13,344 opossum; 1,992 
skunk; 648 weasel; 840 gray fox; 336 spotted 
skunk; 192 red fox. The total value of mink 
pelts was greater than that of all other pelts. 

Analysis of market prices exposed substantial 
differences. Average prices paid 136 trappers 
(41 buyers listed) cooperating in the question- 
naire survey were $15.57 for mink, $2.10 for 
muskrat; $8.74 for beaver, and $0.72 for rac- 
coon. One large mail order buyer paid these 
average prices for Alabama pelts harvested the 
same season: $16.53 for mink, $1.91 for musk- 


rat, $4.16 for beaver, and $0.58 for raccoon. 
Prices for Alabama furs marketed through the 
New York Auction Company were as follows: 
$23.68 for mink, $2.80 for muskrat, $21.99 for 
beaver, and $1.13 for raccoon. The writer has 
marketed pelts through auction in past years 
and received higher prices than those paid by 
outright buyers. 

Of a total of 215 trappers returning question- 
naires 137 were farmers. The group consisted 
of 168 Negro and 47 white trappers. Average 
fur income per trapper was $124.58, computed 
from a weighted average. 

As a result of the survey, the State Con- 
servation Department affixed a special fur tax 
tag for each species of furbearer. Prior to the 
change there were only three differently desig- 
nated tags for eleven furbearer species. Indi- 
vidual tags will facilitate accurate determina- 
tion of numbers of pelts of each fur species 
marketed each season and will provide a basis 
for simplifying computation of the annual fur 
income. 


Accepted for publication June 1, 1953. 


A METHOD OF OBTAINING BETTER UTILIZATION OF SHRUBS BY LANDOWNERS 


Alec R. Bumsted 


340 N. Madison Street, Tupelo, Miss. 


Where a large demand and a limited supply 
exists, a much higher price can be demanded 
for a product. This law of economics has been 
used to advantage in the promotion of wildlife 
plantings of Lespedeza bicolor and Rosa multi- 
flora in the ten counties of P-R District 10 in 
Kentucky. 

Because of a low efficiency previously en- 
countered in Kentucky in getting artificial 
shrub plantings established, an experiment was 
conducted among 71 landowners requesting 
bicolor plantings in 1952 in District 10 for the 
spring planting season of 1953. Since rose 
was much easier to promote than bicolor and 
lack of time prevented its being graded after 


the planting season, it has not been included 
in these figures. It is known that its percentage 
establishment is much higher than that of 
bicolor. 


The 71 men were divided into two groups. 
Group A consisted of 35 farmers who were 
selected individuals personally guaranteed by 
Conservation Officers and SCS Work Unit 
men as “good cooperators” who would defi- 
nitely plant the bicolor issued to them. Group 
B consisted of the 36 remaining landowners. 


Plants were delivered to all members of 
Group A and heeled in at their farms. Follow- 
up visits were made during the planting season 





40 


to encourage any who had not started their 
planting operations. 

Those men in Group B were treated as 
follows: 

1. Complete planting 
mailed to them in the fall along with letters 


instructions were 
confirming their orders. 

2. They were informed that a small supply 
of plants and a very large demand for them 
made it necessary for cooperators to prepare 
their ground in advance, following instructions. 
An enclosed addressed card was to be returned 
to the biologist as soon as ground preparation 
was complete. Upon receipt of that card, the 
plants would be delivered. The plants would 
be issued on a first-come-first-served basis and 
no deliveries would be made after March 15th. 

3. No follow-up visits were made to these 
men for encouragement. 

All men in both groups were checked in June 
and July to study the results. 

Interviews with the 16 men in Group B who 
didn’t return cards indicated they were in favor 
of the plan but for various reasons had been 
unable to get time. 
Several intended applying again next year. 


their ground ready in 


The purpose behind this system was to weed 
out those who would show little interest when 





JOURNAL OF WILDLIFE MANAGEMENT, VoL. 18, No. 4, OcTroBER 1954 


No _— 
No. Established Percentage 
Year Deliveries Plots Success 
1949-52 211 63 30 
1953 
(Group A) 35 9 26 
1953 
(Group B) 20! 17 85 ? 


! Only 20 of the 36 men in Group B returned 
ecards. 

* This success percentage is based on those 
men in Group B who prepared their ground. 
Three persons in this group had their plants 
die while heeled in and word was received 
too late to deliver more plants. 


it came time to do the actual work. It proved 
a great saving in time, money and effort on 
the part of technicians. It should be fairly easy 
for any quota of plants to be distributed by 
taking enough plant requests to allow for those 
who will not complete the plot establishment 
and weed them out before actual plant de- 
livery is made. 


Accepted for publication August 15, 1953. 


NOTES ON SUMMER WATER CONSUMPTION BY DESERT MULE DEER! 


James B. Elder ? 


Arizona Cooperative Wildlife Research Unit, University of Arizona, Tucson, Arizona 


While conducting an investigation on water- 
hole utilization by wildlife in the 
Mountains, Pima County, Arizona, the oppor- 


Tucson 


| Contribution from the Arizona Cooperative 
Wildlife Research Unit: University of Arizona, 
Arizona Game and Fish Commission, U. 8. 
Fish & Wildlife service, and the Wildlife Man- 
agement Institute cooperating. The writer 
wishes to acknowledge the cooperation and 
assistance rendered by Mr. William Gardner, 
rancher of Tueson, Arizona, Mr. E. Dan Clark, 
Dr. L. K. Sowls, Mr. C. R. Hungerford, of the 
Department of Zoology, University of Arizona, 
Tueson, and Dr. E. L. Kozicky, lowa Coopera- 
tive Wildlife Research Unit, lowa State Col- 
lege, Ames. 
Iowa Cooperative Wild- 


2 Present address: 


life Research Unit, Iowa State College, Ames, 
lowa. 


tunity arose to work out a method of measur- 
ing the amount of water consumed by indi- 
vidual desert mule deer (Odocoileus hemionus). 
The experiment was conducted in late July 
and early August, 1952, at the William Gardner 
ranch. A dirt stock tank near the ranch was a 
preferred watering place for mule deer. The 
tank was dry from mid-July until mid-August. 
During this period deer readily drank from 
tubs and barrels of water placed near the tank 
by Mr. Gardner. The deer in the Tucson 
Mountain herd were tolerant of the odor and 
sight of humans but were in no sense domesti- 
cated. 

Measuring equipment consisted of a laundry 
tub and a cedar rain gauge measuring stick 
calibrated in tenths of inches. The volume of 
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TABLE 1. 
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OBSERVATIONS ON WATER CONSUMPTION BY TUCSON MOUNTAIN MULE DEER, 


JuLy AND AvuGust, 1952 


Individual Records 


Drinking 
Amount Taken Time 

Sex (Quarts) (Minutes) 
° Saver sednacere eae a 1.8 
) s 2.8 
SE Or Ee ee 6.5 3.6 
6.5 a.3 
BP atiecre Nal ena 6 3.8 
5 Me areca eae re } LG 
Av. of Does 7.0 bs 

. 8 5 

sg ee 7.5 aid 
ot Sy Scsaw adcoeeacdecd tar era lavas 6 ya § 
Av. of Bucks....... 7.3 3.2 


Av. of Ind. Records 7.1 


te 


Av. of All Records 6.3 


water in the tub at any level on the measuring 
stick could be determined to the nearest pint 
by referring to a table of predetermined vol- 
umes. The tub was placed near the dry stock 
tank where it could be observed easily through 
binoculars from the ranch house. The water 
level in the tub was measured before and after 
each deer, or group of deer drank. 

The amount of water taken by individual 
mule deer ranged from four to eleven quarts 
with an quarts (Table 1). 
Individual bucks averaged 7.3 quarts, and in- 
dividual does averaged 7.0 quarts. The average 
“amount of water taken by individuals in groups 
was 5.6 quarts. The average of all records was 
6.3 quarts. Drinking times ranged from 1.5 to 
4.8 minutes. There was no apparent relation- 
ship between the number of minutes a deer 
drank and the amount of water consumed; 
therefore approximate water consumption 
could not be determined by timing drinking 
deer. Field observations of naturally marked 


average of 7.1 


3.2 Min. 


8S Min. 


Group Records 


Av. Amt. Av. 
Taken Drinking 
No. Per Deer Time 
Deer (Quarts) (Minutes) 
3 a 
2 o.o a 
3 4 2.8 
2 Z 2.8 
4 5.1 oa 
2 5 2.4 
3 6.1 Ls 
Av. 5.6 2a 


individuals disclosed the fact that at least 
some deer in the Tucson Mountain herd 
watered more than once daily. It is possible 
that total average daily water consumption 
may have exceeded the observed 6.3 quarts. 

Nichol (1938. The experimental feeding of 
deer. University of Arizona, Agricultural Ex- 
periment Station, Technical Bulletin No. 75), 
in his feeding experiments on captive Rocky 
Mountain mule deer near Tueson, Arizona, 
measured the amount of water consumed by 
individual deer and concluded that two to three 
quarts per hundredweight per day would meet 
the needs of deer during summer. It was esti- 
mated that few, if any, of the deer involved in 
this study weighed more than 150 pounds. 
Most of the does were estimated to weigh 
around 125 pounds. For a 125 pound deer the 
6.3 quart average water consumption is almost 
twice the amount determined by Nichol for 
penned deer. 


Accepted for publication August 24, 1953. 
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UNUSUAL RUFFED GROUSE DENSITY IN BENZIE COUNTY, MICHIGAN 


Walter L. Palmer 


Michigan Dept. of Conservation, Houghton Lake, Mich. 


The ruffed grouse is one of the most difficult 
game species to census accurately. The strip- 
type census, although usable, leaves much to 
be desired because the margin of error is often 
considerable. Drumming counts are better 
since they can be used extensively, but various 
assumptions must be made if this method is 
used on smaller areas. Because of this, an un- 
usual census made in Michigan in 1953 seems 
worthy of reporting. 

In the spring of 1953 Mr. Leiton Nelson, 
State Area Forester for the United States De- 
partment of Agriculture, and his crew began 
working on white pine blister rust control in a 
heavily infested area in Benzie County, 
Michigan. This group attempts to control the 
rust by eradicating gooseberry (Ribes sp.). 
The technique they use is as follows: A crew 
of four men spaced roughly ten feet apart, 
move through the area by approximately forty- 
foot strips. The outside man strings cotton 
twine along the path as a guide on the return 
strip. In this way an entire area is covered by 
forty-foot swaths. Virtually each square foot 
of ground surface is examined and all Ribes 
plants are pulled up. 

This crew realized when making preliminary 
investigations that grouse were 
abundant so they tallied nests found during 
the work. From May 19th to June 26th, 105 
acres were covered and 15 grouse nests found. 
Assuming an even sex ratio of adults, the spring 
population was at least 29 grouse per 100 acres. 

Apparently it is fairly common to have high 
nesting densities on small areas, if ideal nesting 
cover in an extensive area is limited. Bump 
et al. (1947) report that in New York the 
highest density was nine nests on 131 acres 


nests very 


although they state that some nests may have 
been missed. King (1937) reports that his 


highest spring population was 25 birds per 100 
acres. King also reports an exceptionally high 
fall population of 55.5 grouse per 100 acres, 
whereas New York’s highest was 21.1 grouse 
per 100 acres. 


With this exceedingly high spring popula- 
tion, it seemed appropriate to conduct a fall 
census as a follow-up. On September 11th, ten 
biologists participated in a drive-type census, 
covering approximately 300 acres. This area 
included the 105 acres covered by the blister 
rust crew in the spring. Spaced at one-half 
chain intervals, the men covered the area by 
five-chain strips. A total of 111 grouse were 
flushed. Obviously, some were reflushes. How- 
ever, it was difficult to maintain a half-chain 
interval throughout the census, and it is be- 
lieved that birds which undoubtedly were 
missed might well about balance reflushes. 


This study area is located in Section 16, 
T25N, R14W, Benzie County. The 300 acres 
censused in September is bordered on the 
south by Dair Creek, a small spring-fed trout 
stream. A narrow swamp border of two to four 
chains, consisting of balsam fir, white cedar, 
red-osier, alder and willow borders the stream. 
The remainder of the area, which is upland, is 
composed of sparse stands of black cherry and 
aspen. Large white pine with clumps of re- 
production nearby are sprinkled throughout. 
Small “islands” of hardwoods composed of 
beech, maples and hemlock are also present. 
Blackberry (Rubus sp.) is very abundant. The 
entire area appears to be rather open for ruffed 
grouse habitat, and only a few years ago could 
probably have been sharp-tailed grouse habitat. 
The soil, except in the narrow swamp border, 
is Rubicon Sand, a soil of poor fertility. 

Ford Kellum, District Game Supervisor for 
this area, states that hunting pressure in this 
area had been very low in past years. He esti- 
mates that this area had been used by a party 
of two hunters every four or five days. Through 
news releases to newspapers and radio stations 
on nest densities in 1953, the area received 
about twice the pressure this year. 

Admittedly the fall drive-type census may 
incorporate considerable error, but the spring 
census of 15 nests on 105 acres is extremely 
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reliable, and represents the highest density of 
ruffed grouse nests reported in the literature. 
LITERATURE CITED 


Bump, G., R. W. Darrow, F. C. EpminsTer 
and W. F. Crissey. 1947. The Ruffed 
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Grouse, Life History, Propagation and 
Management: 517-521. 


Kina, R. T. 1937. Ruffed grouse management. 


Jour. of Forest. 35: 523-532. 


Accepted for publication February 3, 1954. 


USE OF OIL DUST BATHS BY QUAIL 


Howard Campbell 


Dept. of Game and Fish, Albuquerque, New Mexico 


Since 1949, the New Mexico Department of 
Game and Fish has been building watering 
units, mostly of the ‘“‘gallinaceous guzzler” 
type, for quail and other upland game birds. 
Many of these units are now attracting sub- 
stantial numbers of scaled quail (Callipepla 
squamata pallida), Gambel’s quail (Lophortyx 
g. gambeli) and mourning doves (Zenaidura 
macroura marginella). In April, 1951, during 
the construction of a unit in southwestern 
New Mexico, a quantity of oil was accidentally 
spilled on the ground and soaked into the soil 
to make a large oily spot. Several months 
later it was noticed that the oily place had 
been heavily used by quail for dusting. Use 
has continued to the present, although no new 
oil has been added. Probably the most reason- 
able explanation is that quail were using the 
oil to discourage ectoparasites. Accordingly 
the construction crew in the southwestern 
part of the state was instructed to make ex- 
perimental “‘de-lousing baths’ by dumping a 
gallon or so of old motor oil at each of the 
units in that part of New Mexico. Oil at most 
of the units in question has now been in place 
for at least a year. 

- On a recent inspection trip to the south- 
western part of the state, utilization checks 
were made at 46 units, widely scattered over 
4 counties. It was noted that oil dust baths 
at many units showed definite signs of recent 
use by quail. A substantial number, such as 


1 A contribution from New Mexico Pittman- 
Robertson projects W-54-D and W-70-R. 

This paper was suggested by Carey H. Ben- 
nett, U. S. Fish and Wildlife Service, Albu- 
querque, N. Mex., who accompanied the 
writer on the inspection trip mentioned herein. 


that shown in Fig. 1, gave evidence of heavy 
and continuous use. It is certain that scaled 
quail use the oily places for dusting, and there 
is strong evidence that Gambel’s quail also do. 
Rabbits evidently find the oil useful too, judg- 
ing by the frequency of their tracks in it. 
Whether mourning doves and other birds also 
take oil dust baths has not been determined. 





Fia. 1. 


Use of oil dust baths by quail. 


That it is oil which dusting birds are pri- 
marily seeking is clearly shown, not only by 
their selective action in choosing oily spots in 
favorable dusting areas, but also by the fol- 
lowing observation. At one unit oil was poured 
into an area of extremely coarse gravel—not 
the sort of place where quail ordinarily dust. 
Subsequently the oily gravel was very thor- 
oughly worked over by quail. It would appear 
that quail find the “‘de-lousing baths” of defi- 
nite benefit, and return to them time and 
again for “‘treatment.”’ 


Accepted for publication October 26, 1953. 
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